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6DIH�&RRSHUDWLQJ�&\EHU�3K\VLFDO�6\VWHPV�
XVLQJ�:LUHOHVV�&RPPXQLFDWLRQ

7KH�6DIH&23 $SSURDFK

3DXO�3RS
'78�&RPSXWH�'HSW�

7HFKQLFDO�8QLYHUVLW\�RI�'HQPDUN
.JV��/\QJE\��'HQPDUN

SDXSR#GWX�GN

'HWOHI�6FKROOH
$OWHQ�6YHULJH�$%
.LVWD��6ZHGHQ

'HWOHI�6FKROOH#DOWHQ�VH

,UIDQ�âOMLYR��+DQV�+DQVVRQ��*XQQDU�:LGIRUVV��
0DOLQ�5RVTYLVW

6FKRRO�RI�,QQRYDWLRQ��'HVLJQ��DQG�(QJLQHHULQJ
0lODUGDOHQ�8QLYHUVLW\��9lVWHUnV��6ZHGHQ

^LUIDQ�VOMLYR��KDQV�KDQVVRQ��JXQQDU�ZLGIRUVV��
PDOLQ�URVTYLVW`#PGK�VH

$EVWUDFW²7KLV� SDSHU� SUHVHQWV� DQ� RYHUYLHZ� RI� WKH� (&6(/� SURMHFW� HQWLWOHG� ³6DIH� &RRSHUDWLQJ� &\EHU�3K\VLFDO� 6\VWHPV�
XVLQJ�:LUHOHVV� &RPPXQLFDWLRQ´ �6DIH&23��� ZKLFK� UXQV� GXULQJ� WKH� SHULRG� ����±������ 6DIH&23� WDUJHWV� VDIHW\�UHODWHG� &RRSHUDWLQJ�
&\EHU�3K\VLFDO�6\VWHPV��&2�&36��FKDUDFWHULVHG�E\�XVH�RI�ZLUHOHVV�FRPPXQLFDWLRQ��PXOWLSOH�VWDNHKROGHUV��G\QDPLF�V\VWHP�GHILQLWLRQV�
�RSHQQHVV���DQG�XQSUHGLFWDEOH�RSHUDWLQJ�HQYLURQPHQWV��6DIH&23�ZLOO�SURYLGH�DQ�DSSURDFK�WR�WKH�VDIHW\�DVVXUDQFH�RI�&2�&36��HQDEOLQJ�
WKXV� WKHLU� FHUWLILFDWLRQ� DQG�GHYHORSPHQW��7KH�SURMHFW�ZLOO�GHILQH�D� UXQWLPH�PDQDJHU�DUFKLWHFWXUH� IRU� UXQWLPH�GHWHFWLRQ�RI� DEQRUPDO�
EHKDYLRXU��WULJJHULQJ�LI�QHHGHG�D�VDIH�GHJUDGHG�PRGH��6DIH&23�ZLOO�DOVR�GHYHORS�PHWKRGV�DQG�WRROV��ZKLFK�ZLOO�EH�XVHG�WR�SURGXFH�VDIH�
W\�DVVXUDQFH�HYLGHQFH�QHHGHG�WR�FHUWLI\�FRRSHUDWLYH�IXQFWLRQV��6DIH&23�ZLOO�H[WHQG�FXUUHQW�ZLUHOHVV�WHFKQRORJLHV�WR�HQVXUH�VDIH�DQG�VH�
FXUH� FRRSHUDWLRQ�� DQG� DOVR� FRQWULEXWH� WR� QHZ� VWDQGDUGV� DQG� UHJXODWLRQV�� E\� SURYLGLQJ� FHUWLILFDWLRQ� DXWKRULWLHV� DQG� VWDQGDUGL]DWLRQ�
FRPPLWWHHV�ZLWK�WKH�VFLHQWLILFDOO\�YDOLGDWHG�VROXWLRQV�QHHGHG�WR�FUDIW�HIIHFWLYH�VWDQGDUGV�H[WHQGHG�WR�DOVR�DGGUHVV�FRRSHUDWLRQ�DQG V\V�
WHP�RI�V\VWHPV�LVVXHV��7KH�SURMHFW�KDV����SDUWQHUV IURP � (XURSHDQ�FRXQWULHV��DQG�D�EXGJHW�RI�DERXW����PLOOLRQ�(XURV�FRUUHVSRQGLQJ�WR�
DERXW�������SHUVRQ�PRQWKV�

.H\ZRUGV²F\EHU�SK\VLFDO�V\VWHPV��V\VWHPV�RI�V\VWHPV��VDIHW\�DVVXUDQFH��ZLUHOHVV�FRPPXQLFDWLRQ

,� ,1752'8&7,21

$�VDIHW\�FULWLFDO�V\VWHP LV�D�V\VWHP�ZKRVH�IDLOXUH�PLJKW�HQGDQJHU�KXPDQ�OLIH�RU�WKH�HQYLURQPHQW��:KHQ�D�V\VWHP PLJKW�KDUP�
KXPDQV�RU�WKH�HQYLURQPHQW��RU�LV LQWHQGHG�WR�PLWLJDWH�RU�PDQDJH�VXFK�KDUP���GHFLVLRQ�PDNHUV�UHTXLUH�SUH�UHOHDVH VDIHW\�DVVXUDQFH�
HYLGHQFH WKDW�LW�PDQDJHV�ULVN�DFFHSWDEO\��,Q�VRPH�GRPDLQV��GHYHORSHUV�SUHSDUH�DQ�H[SOLFLW�VDIHW\�FDVH FRPELQLQJ�WKLV�HYLGHQFH�ZLWK�
VDIHW\�DUJXPHQWV��ZKHUHDV� LQ�RWKHU�GRPDLQV�GHYHORSHUV�PXVW�VKRZ�WKDW� WKHLU�SURFHVVHV�DQG�ZRUN�SURGXFWV�FRQIRUP�WR�D� UHOHYDQW�
VWDQGDUG� )RU�WKH�SXUSRVH�RI�WKLV�GRFXPHQW��ZH�FDOO�WKLV�VDIHW\�HYLGHQFH�DOVR�D�³VDIHW\�FDVH´��DQG�WKH�ZRUN�LQ�6DIH&23�DSSOLHV�DOVR�
IRU�WKH�GRPDLQV�ZKLFK�GR�QRW�H[SOLFLWO\�XVH�VDIHW\�FDVHV��7KH�FRQFHSWXDO�EDVLV�IRU�FHUWLILFDWLRQ�LV�WKDW�WKH�SUH�UHOHDVH��GHVLJQ�WLPH��
HYLGHQFH�DQWLFLSDWHV�WKH�SRVVLEOH�FLUFXPVWDQFHV�WKDW�FDQ�DULVH�IURP�WKH�LQWHUDFWLRQ�EHWZHHQ�WKH�V\VWHP�DQG�WKH�HQYLURQPHQW��WR�VKRZ�
WKDW�WKHVH�LQWHUDFWLRQV�GR�QRW�SRVH�DQ�XQDFFHSWDEOH�ULVN��&HUWLILFDWLRQ�LV�YHU\�H[SHQVLYH��DQG�FDQ�DGG�D�GHYHORSPHQW�FRVW�RYHUKHDG�
RI����WR����� >�@ DQG�LQ�VRPH�FDVHV�HYHQ����WLPHV�PRUH� )RU�H[DPSOH��³D�FRPPRQO\�DFFHSWHG�UXOH�RI�WKXPE�LV�WKDW�GHYHORSPHQW�
RI�VDIHW\�FHUWLILHG�VRIWZDUH�FRVWV�URXJKO\����WLPHV�DV�PXFK�DV�QRQ�FHUWLILHG�VRIWZDUH�ZLWK�HTXLYDOHQW�IXQFWLRQDOLW\´�>�@�

,I��DIWHU�SHUIRUPLQJ�DQ�LQLWLDO�+D]DUG�$QDO\VLV�DQG�5LVN�$VVHVVPHQW��+$5$���D�V\VWHP�LV�GHHPHG�VDIHW\�UHODWHG��LW�KDV�WR�EH�FHU�
WLILHG��&HUWLILFDWLRQ�LV�D�³FRQIRUPLW\�RI�DVVHVVPHQW´�SHUIRUPHG�E\�D�WKLUG�SDUW\� D ³FHUWLILFDWLRQ�DXWKRULW\´��H�J��DQ�LQGHSHQGHQW�RU�
JDQL]DWLRQ�RU�D�QDWLRQDO�DXWKRULW\� 7KH�FHUWLILFDWLRQ�SURFHVV�GHSHQGV�RQ�WKH�FRQFUHWH�DSSOLFDWLRQ�GRPDLQ��+RZHYHU��WKH�PDLQ�LGHDV�
DUH�FRPPRQ�WR�DOO�GRPDLQV��7KH�RYHUDOO�JRDO�LV�WR�HQVXUH�IUHHGRP�IURP�XQDFFHSWDEOH�ULVN���6DIHW\�UHTXLUHPHQWV�W\SLFDOO\�FRQVLVW�RI�
D�IXQFWLRQDO�SDUW�DQG�DQ�LQWHJULW\�OHYHO��$�6DIHW\�,QWHJULW\�/HYHO��6,/��FDSWXUHV�WKH�UHTXLUHG�OHYHO�RI�ULVN�UHGXFWLRQ��DQG�ZLOO�GLFWDWH�
WKH�GHYHORSPHQW�SURFHVVHV�DQG�FHUWLILFDWLRQ�SURFHGXUHV�WKDW�KDYH WR�EH�IROORZHG��GHSHQGLQJ�RQ�WKH�VWDQGDUG��H�J���,(&������ >�@��
,62������ >�@��RU�57&$�'2����% >�@�

2QFH�D�V\VWHP�LV�FHUWLILHG��WKH�VDIHW\�FHUWLILFDWH�LV�W\SLFDOO\�YDOLG�RQO\�IRU�D�VSHFLILF�V\VWHP�FRQILJXUDWLRQ��7KLV�LV�WKH�FDVH��IRU�
H[DPSOH�� LQ� WKH�DYLRQLFV�DUHD��ZKHUH� WKH�V\VWHP�LV�FHUWLILHG�DV�D�ZKROH��DQG�HYHQ�VPDOO�FKDQJHV�PD\�UHVXOW� LQ�D�UHTXLUHPHQW�IRU�
FRPSOHWH� UH�FHUWLILFDWLRQ�� 7KH� IRFXV� RI� UHFHQW� UHVHDUFK� LQ� VDIHW\� DVVXUDQFH >�@ KDV� EHHQ� WR� GHYHORS� ³PRGXODU´� FHUWLILFDWLRQ� DS�
SURDFKHV��7KH�LGHD�LV�WKDW�D�³PRGXODU�VDIHW\�FHUWLILFDWH´�FDQ�EH�JLYHQ�WR�DQ�LQGLYLGXDO�VXEV\VWHP��PRGXOH���DQG�WKHQ�WKHVH�FHUWLIL�
FDWHV�ZLOO�EH�PDQXDOO\�FRPSRVHG�LQWR�D�V\VWHP�FHUWLILFDWH��7KXV��ZKHQ�D�PRGXOH�LV�FKDQJHG��WKH�UH�FHUWLILFDWLRQ�HIIRUWV�FDQ�EH�LVR�
ODWHG�WR�WKH�HIIHFWV�RI�WKDW�UHVSHFWLYH�PRGXOH��6RPH�FHUWLILFDWLRQ�VWDQGDUGV��VXFK�DV�,(&�������DQG�,62��������DOORZ�³PRGXODU�VDIH�
W\�FDVHV´�ZKHUH�WKH�VDIHW\�FDVHV�DUH�FRPSRVHG��)RU�H[DPSOH��,62�������KDV�WKH�QRWLRQ�RI�D�6DIHW\�(OHPHQW�RXW�RI�&RQWH[W��5HFHQW�
SURMHFWV�� VXFK� DV� 5(&203 �5HGXFHG�&HUWLILFDWLRQ�&RVWV�8VLQJ�7UXVWHG�0XOWLFRUH�3ODWIRUPV��(8�$UWHPLV� -8� ����±����� DQG�



6DIH&HU �6DIHW\�&HUWLILFDWLRQ�RI�6RIWZDUH�,QWHQVLYH�6\VWHPV�ZLWK�5HXVDEOH�&RPSRQHQWV��(8�$UWHPLV�-8������±������ KDYH�SUR�
SRVHG�PRGXODU�FHUWLILFDWLRQ�DSSURDFKHV��EXW�WKHVH�DUH�QRW�\HW�XVHG�LQ�FXUUHQW�SUDFWLFH�

,,� &223(5$7,9(�23(1�&<%(5�3+<6,&$/�6<67(06

6DIH&23�DGGUHVVHV�VDIHW\�UHODWHG�FRRSHUDWLQJ�F\EHU�SK\VLFDO�V\VWHPV��FKDUDFWHULVHG�E\�XVH�RI�ZLUHOHVV FRPPXQLFDWLRQ��PXOWL�
SOH�VWDNHKROGHUV��G\QDPLF�V\VWHP�GHILQLWLRQV��DQG�XQSUHGLFWDEOH�RSHUDWLQJ�HQYLURQPHQWV��:H�UHIHU� WR�VXFK�V\VWHPV�RI�V\VWHPV�DV�
&RRSHUDWLYH�2SHQ�&\EHU�3K\VLFDO�6\VWHPV �&2�&36���:H�DVVXPH�WKDW�QR�VLQJOH�VWDNHKROGHU�KDV�RYHUDOO�UHVSRQVLELOLW\�RYHU�WKH�
&2�&36��WKDW�WKH�FRRSHUDWLRQ�UHOLHV�RQ�WKH�UHDO�WLPH�ZLUHOHVV�FRPPXQLFDWLRQ�WR�SHUIRUP�D�VDIHW\�UHOHYDQW�IXQFWLRQ��DQG�WKDW�VHFXUL�
W\� LVVXHV�DUH�RI�FRQFHUQ��)ROORZLQJ� WKH� WD[RQRP\�RI�:LONLHV�HW� DO� >�@��6DIH&23� WDUJHWV� V\VWHPV� WKDW� DUH�RI� WKH� IROORZLQJ� WKUHH�
W\SHV���L��XVH�LQWHU�V\VWHP�FRPPXQLFDWLRQ�WR�UHDFK�D�FRPPRQ�JRDO���LL��UHO\�RQ�FRPPXQLFDWHG�LQIRUPDWLRQ�IURP�RWKHU�V\VWHPV�LQ�
RUGHU�WR�HQVXUH�VDIH�DQG�RU�HIILFLHQW�RSHUDWLRQ���LLL��SURYLGH�VHUYLFHV�WKDW�PD\�FRPSURPLVH�VDIHW\�LI�WKH�FRPPXQLFDWLRQ�IDLOV��

6XFK�&RRSHUDWLYH�2SHQ�&\EHU�3K\VLFDO�6\VWHPV�FDQ�VXFFHVVIXOO\�DGGUHVV�VHYHUDO�VRFLHWDO�FKDOOHQJHV��)RU�H[DPSOH��FRRSHUDWLYH�
YHKLFOHV� �YHKLFOH�WR�YHKLFOH��9�9�� DQG� YHKLFOH�WR�LQIUDVWUXFWXUH�� 9�,�� KDYH� EHHQ� VKRZQ� WR� UHGXFH� IXHO� FRQVXPSWLRQ�� UHGXFH� WKH�
QXPEHU�RI�DFFLGHQWV��LQFOXGLQJ�LQMXULHV�DQG�IDWDOLWLHV���UHVXOW�LQ�SURGXFWLYLW\�JDLQV�DQG�FRQJHVWLRQ�VDYLQJV��UHVXOWLQJ�LQ�DQQXDO�VDY�
LQJV�RI� ������ WR�������ELOOLRQ�(XURV >�@��7KH�86�1DWLRQDO�+LJKZD\�7UDIILF�6DIHW\�$GPLQLVWUDWLRQ� �1+76$��KDV� HVWLPDWHG� WKDW�
³9�9�VDIHW\�DSSOLFDWLRQV�KDYH�WKH�SRWHQWLDO�WR�DGGUHVV�DSSUR[LPDWHO\�����RI�FUDVKHV�IRU�XQLPSDLUHG�GULYHUV´��)RU�5RDG�:HDWKHU�
6WDWLRQV��ZKLFK� LV� D� XVH� FDVH� LQ� WKH�SURMHFW�� HPSOR\LQJ� �9�,�� DQG� LQIUDVWUXFWXUH�WR�YHKLFOH� �,�9�� FRPPXQLFDWLRQ�PRGHV��ZH� FDQ�
GHOLYHU�FULWLFDO�XS�WR�GDWH�UHDO�WLPH�URDG�ZHDWKHU�GDWD��ZKLFK�FDQ�LQFUHDVH�WUDIILF�VDIHW\��,Q�WKH�PDULWLPH�DUHD� FRRSHUDWLYH�ERDWV >�@
FDQ�GUDPDWLFDOO\�LQFUHDVH�QDYLJDWLRQ�VDIHW\��VLQFH��DFFRUGLQJ�WR�WKH�,02��,QWHUQDWLRQDO�0DULWLPH�2UJDQL]DWLRQ�� ����RI�VKLS�DFFL�
GHQWV�ZRUOGZLGH�DUH�GXH�WR�KXPDQ�HUURU��&2�&36�FDQ�DOVR�EH�HPSOR\HG�LQ�WKH�KHDOWKFDUH�PDUNHW��ZKLFK�LV�FKDUDFWHUL]HG�E\�GUDPDW�
LFDOO\�LQFUHDVLQJ�FRVWV��)RU�H[DPSOH��FRRSHUDWLYH�URERWV�FDQ�EH�XVHG�WR�UHGXFH�WKH�DPRXQW�RI�SK\VLFDO�ODERXU�LQ�KRVSLWDOV��7KH�XVH�
FDVHV �8&��DGGUHVVHG�LQ�WKH�SURMHFW DUH�VXPPDUL]HG�LQ�)LJXUH��� ,Q�WKH�UHPDLQGHU�RI�WKH�VHFWLRQ�ZH�EULHIO\�VXPPDULVH�HDFK�RI�WKH�
XVH�FDVHV�

,Q�8&��ZH�ZLOO�GHYHORS�D� WZR�URERW�DXWRQRPRXV�EHG�PRYHU� WKDW�FDQ�ZKHHO�RUGLQDU\�KRVSLWDO�EHGV� WKURXJK� WKH�FOXWWHUHG�DQG�
SRSXODWHG�FRUULGRUV�ZLWKRXW�FDXVLQJ�KD]DUGRXV�VLWXDWLRQV��7KH�V\VWHP�ZLOO�EH�GHYHORSHG�VR�WKDW�QHLWKHU�WKH�URERWV�QRU�WKH�EHG�EH�
WZHHQ�WKHP�VKDOO�FDXVH�D�FROOLVLRQ� 7KH�FRUUHVSRQGLQJ�VDIHW\�DVVXUDQFH�FDVH�ZLOO�FRQVLGHU�ERWK�WKH�V\VWHP�IDLOXUHV�DV�ZHOO�DV�EHKDY�
LRXUV�RI� WKH�V\VWHP�LQ�FDVH�RI�H[WHUQDO�HPHUJHQFLHV��*XDUDQWHHG�UHOLDEOH�FRPPXQLFDWLRQ�LV�HVVHQWLDO� IRU�ERWK� WKH�EDVLF�EHKDYLRXU�
DQG�WKH�UHVSRQVH�WR�H[WHUQDO�SUREOHPV�

,Q�8&��ZH�GHYHORS�PHWKRGV�DQG�WRROV�IRU�D�SURRI�RI�FRQFHSW�V\VWHP�ZKHUH��VHPL��DXWRQRPRXV�ERDWV�DQG�RWKHU�YHKLFOHV�FRRS�
HUDWH�WR�SHUIRUP�EDWK\PHWU\�PHDVXUHPHQWV�IRU�D�SRUWLRQ�RI� D�SRUW��)RU�H[DPSOH��DQ�DXWRQRPRXV�8$9�FRRSHUDWHV�ZLWK�WKH�ERDWV��
IO\LQJ�RYHU�WKH�DUHD�SURYLGLQJ�FRPPXQLFDWLRQV�DQG�FRRUGLQDWLRQ�IXQFWLRQDOLWLHV��LQFUHDVLQJ�UHOLDELOLW\��UHVLOLHQFH�DQG�IOH[LELOLW\�RI�
WKH�V\VWHP��7KH�SURRI�RI�FRQFHSW�V\VWHP�ZLOO�EH�FDSDEOH�RI�FROOHFWLQJ�VHQVRU�GDWD��LGHQWLI\LQJ�REVWDFOHV�DQG�SURYLGLQJ�UHOLDEOH�URXWH�
SODQQLQJ�FKDQJLQJ�

7KH�JRDO�RI�8&��LV�WR�GHPRQVWUDWH�KRZ�ZH�FDQ�DSSO\�DQG�H[WHQG�VDIHW\�DVVXUDQFH�IUDPHZRUNV�WR�DXWRPRWLYH�FRRSHUDWLYH�VDIHW\�
FULWLFDO�9�;�EDVHG�V\VWHPV��7KLV�FODVV�RI�V\VWHPV�SUHVHQWV�QHZ�FKDOOHQJHV�VXFK�DV�VHFXULW\�LPSOLFDWLRQV�RQ�VDIHW\��,Q�8&��ZH�ZLOO�
GHYHORS�D�&RQWURO�/RVV�:DUQLQJ�V\VWHP�IRU�D�YHKLFOH�SODWRRQ�VXFK�WKDW�LI�D�YHKLFOH�LQ�WKH�SODWRRQ�ORVHV�VRPH�IXQFWLRQDOLW\�DIIHFWLQJ�
WKH�SODWRRQ��DOO�YHKLFOHV�GRZQVWUHDP DQG�WKH�URDG�LQIUDVWUXFWXUH�DUH�QRWLILHG�VR�WKDW�WKH\�FDQ�SHUIRUP�DSSURSULDWH�DQG�FRRUGLQDWHG�
DFWLRQV�

)LJXUH����8VH�FDVHV�DGGUHVVHG�LQ�WKH�SURMHFW



,Q�8&��ZH�IRFXV�RQ�WKH�LQWHUDFWLRQ�EHWZHHQ�YHKLFOHV�DQG�URDGVLGH�XQLWV��568���568V�DUH�W\SLFDOO\�LQVWDOOHG�WR�WKH�IL[HG�ORFD�
WLRQV�EHVLGHV�WKH�URDG��$�VSHFLDO�FDVH�RI�568V�DUH�WKH�URDG�ZHDWKHU�VWDWLRQV��5:6���ZKLFK�FROOHFW�GLIIHUHQW�PHDVXUHPHQW�SDUDPH�
WHUV�UHODWHG�WR�WKH�ZHDWKHU�DQG�WUDIILF��DQG�GHOLYHU�WKLV�GDWD�WR�D�VLQJOH�GDWD�FROOHFWLRQ�SRLQW��7\SLFDOO\��WKLV�GDWD�LV�GHOLYHUHG�WR�D�URDG�
DGPLQLVWUDWRU�WKDW�IRUZDUGV�LW�RQ�WR�79�DQG�UDGLR�VWDWLRQV��,Q�6DIH&23�ZH�ZLOO�H[WHQG�WKH�UHVSRQVLELOLW\�RI�WKH�5:6�WR�DOVR�GHOLYHU�
WKH�GDWD�GLUHFWO\�WR�WKH�SDVVLQJ�YHKLFOHV��0RUHRYHU��WKH�YHKLFOHV�FDQ�DOVR�DFW�DV�GDWD�FROOHFWRUV�DQG�IRUZDUG�WKHLU�ZHDWKHU�DQG�WUDIILF�
GDWD�EDFN�WR�WKH�5:6��7R�HQVXUH�SXULW\�RI�WKH�GHOLYHUHG�GDWD�DQG�WKH�FRPPXQLFDWLRQ�VHVVLRQ��VHTXHQWLDO�YDOLGDWLRQ�FKHFNV�DQG�FRQ�
WLQXRXV�REVHUYDWLRQV�DUH�UHTXLUHG�WKURXJK�D�UXQWLPH�PDQDJHU�

,Q�8&��ZH�IRFXV�RQ�WKH�,QWHOOLJHQW�7UDQVSRUWDWLRQ�6\VWHPV��,76��DLPHG�DW�LPSURYLQJ�WUDQVSRUWDWLRQ�HIILFLHQF\�DQG�VDIHW\� 0RUH�
VSHFLILFDOO\��ZH�ORRN�LQWR�DQ�LQWHJUDWLRQ�RI�WKH�$GDSWLYH�7UDIILF�/LJKW�6\VWHP��$�7/6��DQG�*UHHQ�/LJKW�2SWLPDO�6SHHG�$GYLVRU\�
�*/26$��DSSOLFDWLRQV��$�7/6� DGDSWV� LWV� VLJQDO� SODQ� WR� WKH� FKDQJLQJ� WUDIILF� FRQGLWLRQV��ZKLOH�*/26$� LQIRUPV� YHKLFOHV�GULYHUV�
DERXW�WKH�RSWLPDO�VSHHG WKH\�VKRXOG�PDLQWDLQ�LQ�RUGHU�WR�DUULYH�DW�WKH�LQWHUVHFWLRQ�ZKHQ�WKH�OLJKW�LV�JUHHQ��8&��H[SORUHV�WKH�LQWHJUD�
WLRQ�RI�WKH�LQWHJUDWHG�WUDIILF�PDQDJHPHQW�DSSOLFDWLRQ�DQG�D�9LGHR�&RQWHQW�$QDO\VLV��9&$��SODWIRUP�IRU�GHWHFWLQJ�SRVVLEO\�GDQJHU�
RXV�URDG�HYHQWV�VLWXDWLRQV��6XFK�LQWHJUDWHG�V\VWHP�FRQWULEXWHV�WR�WKH�DFWLYH�URDG�VDIHW\��LQ�RUGHU�WR�DOHUW�GULYHUV�RI�GLIIHUHQW�WUDIILF�
DQRPDOLHV�

7KH�GHYHORSPHQW�&2�&36�SRVHV�FKDOOHQJHV�WKDW�DUH�QRW�DGHTXDWHO\�DGGUHVVHG�E\�H[LVWLQJ�SUDFWLFHV QRU�VWDQGDUGV��:KLOH�FDUHIXO�
VDIHW\�DZDUH�GHVLJQ�DQG�WKRURXJK�VDIHW\�DVVXUDQFH�LV�UHTXLUHG��QR�VLQJOH�PDQXIDFWXUHU�KDV�GHVLJQ�DXWKRULW\�RYHU�RU�UHVSRQVLELOLW\�
IRU�WKH�VDIHW\�RI�D VHW�RI FRRSHUDWLYH�HPEHGGHG�V\VWHPV��'HYHORSLQJ�D�VDIHW\�FULWLFDO�V\VWHP�W\SLFDOO\�UHTXLUHV�PDNLQJ�GHVLJQ�GHFL�
VLRQV� WKDW� WUDGH�RII� VDIHW\� FRQFHUQV�� IXQFWLRQDOLW\�� FRVW�� DQG� RWKHU� FRQVLGHUDWLRQV�� $FKLHYLQJ� DGHTXDWHO\� VDIH� FRRSHUDWLYH� F\EHU�
SK\VLFDO�V\VWHPV�UHTXLUHV�DUULYLQJ�DW��UHDOLVLQJ��DQG�DVVXULQJ�D�VDIH�GHVLJQ�HYHQ�WKRXJK�SDUWLFLSDQWV�LQ�WKH�GHVLJQ�SURFHVV DUH�FRP�
SHWLWRUV�UHOXFWDQW�WR�VKDUH�DOO�RI�WKHLU�FRQFHUQV�RU�LQWULFDFLHV�RI�GHVLJQV�ZLWK�HDFK�RWKHU��0RUHRYHU��GXH�WR�WKH�FRRSHUDWLYH DQG�RSHQ�
QHVV�QDWXUH��PDQ\�FLUFXPVWDQFHV�ZKLFK�KDYH�WR�EH�FRYHUHG�E\�WKH�SUH�UHOHDVH�VDIHW\�DVVXUDQFH�DUH�GLIILFXOW�WR�DQWLFLSDWH�DW�GHVLJQ�
WLPH�LQ�WKH�FDVH�RI�&2�&36�

,,,� 352-(&7�2%-(&7,9(6

7KH�FRQFUHWH�REMHFWLYHV�RI�6DIH&23�DUH�

x 2EMHFWLYH����'HYHORS�D�VDIHW\�DVVXUDQFH�IUDPHZRUN�IRU�&2�&36��7KH�SULPDU\�REMHFWLYH�RI�6DIH&23� LV� WR SURSRVH�DQ�DS�
SURDFK�WR�WKH�VDIHW\�DVVXUDQFH�RI�&2�&36�ZKLFK�ZLOO�IDFLOLWDWH�WKHLU�FHUWLILFDWLRQ�DQG�PDUNHW�UHOHDVH��7KLV�ZLOO�FUHDWH�QHZ�
DSSOLFDWLRQV�DQG�PDUNHW�VHJPHQWV��VXFFHVVIXOO\�DGGUHVVLQJ�VRFLHWDO�FKDOOHQJHV�

x 2EMHFWLYH����'HYHORS�D�UHIHUHQFH�³5XQWLPH�0DQDJHU´�DUFKLWHFWXUH�WR�VXSSRUW�WKH�HQJLQHHULQJ DQG�FHUWLILFDWLRQ�RI�&2�&36��
6DIH&23�ZLOO�GHILQH�DQG�GHYHORS�D�UHIHUHQFH�³5XQWLPH�0DQDJHU´��ZKLFK�H[WHQGV�WKH�UHIHUHQFH�SODWIRUPV�LQ�WKH�WDUJHWHG�DS�
SOLFDWLRQ�DUHDV��WKDW�GHWHFWV�DW�UXQWLPH�DEQRUPDO�EHKDYLRXU��WULJJHULQJ�LI�QHHGHG�D�VDIH�GHJUDGHG�PRGH��7KH YHULILFDWLRQ��YDO�
LGDWLRQ�DQG�VLPXODWLRQ�PHWKRGV�DQG�WRROV�GHYHORSHG�DV�SDUW�RI�2EMHFWLYH���ZLOO�EH�XVHG�WR�SURGXFH��EHVLGHV�WKH�VDIHW\�DVVXU�
DQFH�HYLGHQFH�QHHGHG�WR�FHUWLI\�FRRSHUDWLYH�IXQFWLRQV��DOVR�WKH�FRQGLWLRQV�WKDW�QHHG�WR�EH�REVHUYHG�E\�WKH�5XQWLPH�0DQDJHU�
WR�HQVXUH�VDIHW\�

x 2EMHFWLYH����([WHQG�WKH�FXUUHQW�ZLUHOHVV�SURWRFROV�IRU�VDIH�DQG�VHFXUH�FRRSHUDWLRQ��6DIH&23�ZLOO�HYDOXDWH�WKH�DGHTXDF\�RI�
VWDQGDUG�ZLUHOHVV�WHFKQRORJLHV�IRU�&2�&36�WR�EH�XVHG�LQ�WKH�WDUJHW�DSSOLFDWLRQ�DUHDV��DQG�ZLOO�SURSRVH�DQ�DSSOLFDWLRQ�OHYHO�
³VDIHW\�OD\HU´�RQ�WRS�RI�H[LVWLQJ�SURWRFROV�WR�HQVXUH�VDIH�DQG�VHFXUH�FRRSHUDWLRQ�VXFK�WKDW�&2�&36�FDQ�EH�FHUWLILHG��

x 2EMHFWLYH� ���&RQWULEXWH� WR� QHZ� VWDQGDUGV� DQG� UHJXODWLRQV�� $Q� LPSRUWDQW� REMHFWLYH� RI� 6DIH&23� LV� WR� FRQWULEXWH� WR� QHZ�
VWDQGDUGV� DQG� UHJXODWLRQV�� H�J���SURYLGH� WKH� FHUWLILFDWLRQ� DXWKRULWLHV�DQG� VWDQGDUGL]DWLRQ�FRPPLWWHHV�ZLWK� WKH� VFLHQWLILFDOO\�
YDOLGDWHG�VROXWLRQV�WKH\�ZLOO�QHHG�WR�FUDIW�HIIHFWLYH�VWDQGDUGV�ZKLFK�KDYH�EHHQ�H[WHQGHG�WR�DGGUHVV�FRRSHUDWLRQ�DQG�V\VWHP�
RI�V\VWHPV�LVVXHV�

x 2EMHFWLYH��� 'HPRQVWUDWH WKH�XVHIXOQHVV�RI�6DIH&23�FRQFHSWV�LQ�WDUJHW�DSSOLFDWLRQV� :H�WDNH�ILYH�UHDO�ZRUOG�DSSOLFDWLRQV�
LQ�VHYHUDO�GRPDLQV�DQG�EXLOG�GHPRQVWUDWRU�V\VWHPV�ZKLFK�VKRZ�KRZ�&2�&36�FDQ�KDYH�FRQFUHWH�XWLOLW\�DFURVV�D�EURDG�UDQJH�
RI�UHDO�FRPPHUFLDO�DSSOLFDWLRQV�

,9� &21&(37�$1'�$3352$&+

)LJXUH�� SUHVHQWV�WKH�6DIH&23�VDIHW\�DVVXUDQFH�FRQFHSW��7KH�DSSURDFK�LQ�6DIH&23�LV�WR�UHVWULFW�WKH�EHKDYLRXU RI�WKH�FRRSHUD�
WLYH�VDIHW\�IXQFWLRQ�DW�UXQWLPH��VXFK�WKDW�WKH�GHVLJQ�WLPH�VDIHW\�DVVXUDQFH�HYLGHQFH��ZLWK�DGGLWLRQDO�PRQLWRULQJ�DW�UXQWLPH��LV�DEOH�WR�
JXDUDQWHH�WKH�VDIHW\�UHTXLUHPHQWV��6XFK�DQ�DSSURDFK�PD\�UHTXLUH�FKDQJHV�WR�WKH�FHUWLILFDWLRQ�VWDQGDUGV��KHQFH�WKH�REMHFWLYH�WR�FRQ�
WULEXWH�WR�QHZ�VWDQGDUGV�DQG�UHJXODWLRQV��6WDQGDUGL]DWLRQ�ZLOO�EH�SURPSWHG�E\ WKH�6DIH&23�SURMHFW�SDUWQHUV�WKDW DUH�VDIHW\�DVVHVVRUV
�'19�*/��6DIHW\�,QWHJULW\��'7,���DV�ZHOO�DV�PHPEHUV�RI�VWDQGDUGV�FRPPLWWHHV��$GGLWLRQDOO\��WKH�SURMHFW�LV VWUHQJWKHQHG E\ DQ�H[�
WHUQDO DGYLVRU\�ERDUG�� FRPSULVLQJ�SHRSOH�ZLWK�YDVW� VDIHW\�DVVXUDQFH�DQG�VHFXULW\�UHODWHG�H[SHUWLVH��7KH\�ZLOO�PDNH�VXUH� WKDW� WKH�
LQQRYDWLRQV�GHYHORSHG�LQ�6DIH&23�DUH�JURXQGHG�LQ�FXUUHQW�FHUWLILFDWLRQ�SUDFWLFH�DQG�DUH�DOLJQHG�ZLWK�WKH�FXUUHQW�HIIRUWV�LQ�WKH�WHFK�



QLFDO�FRPPLWWHHV�WDVNHG�ZLWK�H[WHQGLQJ�WKH�FHUWLILFDWLRQ�VWDQGDUGV� 7KH�HYDOXDWLRQ�RI�WKH�SURSRVHG�IUDPHZRUN�ZLOO�EH�DYDLODEOH�LQ�
WKH�6DIH&23�³'HOLYHUDEOH '����(YDOXDWLRQ�RI�WKH�6DIH&23�DSSURDFK�DV�VKRZQ�E\�WKH�GHPRQVWUDWRUV´��

)LJXUH�� VKRZV�WKUHH &36�V\VWHPV��$��% DQG�&��GHYHORSHG�E\�WKUHH GLIIHUHQW�RUJDQL]DWLRQV��1RWH�WKDW�WKH�V\VWHPV �DFWXDOO\�6\V�
WHPV�RI�6\VWHPV� DGGUHVVHG�LQ�6DIH&23�PD\�FRQVLVW�RI�VHYHUDO�FRRSHUDWLQJ�F\EHU�SK\VLFDO�V\VWHPV ZKHUH�HDFK�RI�WKRVH�V\VWHPV�
KDV�LWV�RZQ�DFFRPSDQ\LQJ�VDIHW\�FDVH��(DFK�V\VWHP�KDV�D�FRRSHUDWLYH�VXEV\VWHP�FR�UHVSRQVLEOH�IRU�WKH�FRRSHUDWLYH�VDIHW\�IXQFWLRQ�
UHIHUUHG� WR� DV� D� FRRSHUDWLYH� LWHP� LQ )LJXUH� ��� ,Q� 6DIH&23� ZH� FRQVLGHU� WKDW� WKH� GHVLJQ� RU� HYHQ� LPSOHPHQWDWLRQ� RI� FHUWDLQ�
VXEV\VWHPV�RI�WKH�FRRSHUDWLYH�LWHP�DUH�GHYHORSHG�LQGHSHQGHQWO\�RI�WKH�V\VWHPV�LQ�ZKLFK�WKH\�DUH�XVHG��H�J���V\VWHPV�$��%� DQG�&���
6XFK� LQGHSHQGHQW�GHYHORSPHQW�RI�VDIHW\�UHOHYDQW�VXEV\VWHPV� LV�VXSSRUWHG�E\�GLIIHUHQW�VWDQGDUGV��H�J��� LQ�,62�������WKURXJK� WKH�
QRWLRQ�RI�6DIHW\�(OHPHQW�RXW�RI�&RQWH[W��6(RR&���,Q�6DIH&23�ZH�LQWHQG�WR�XVH�FRQWUDFW�EDVHG�GHVLJQ�WR�IDFLOLWDWH WKH�LQGHSHQGHQW�
GHYHORSPHQW RI�FRRSHUDWLYH�VDIHW\�IXQFWLRQV��:H�ZLOO�EXLOG�XSRQ�UHVXOWV�RQ�FRQWUDFW�EDVHG�GHVLJQ�IURP�$57(0,6 SURMHFWV�VXFK�DV�
&+(66�>��@ DQG�&21&(572�>��@��ZKLFK�IRFXVHG�RQ�GHYHORSLQJ�WKH�&KHVV�WRROVHW� >��@± D�WRRO�IRU�PRGHO�GULYHQ�DQG�FRPSRQHQW�
EDVHG�GHYHORSPHQW�RI� KLJK�LQWHJULW\� V\VWHPV��7KH� FRPSRQHQWV� LQ� WKH�&KHVV�WRROVHW� FDQ�EH�DQQRWDWHG�ZLWK� DVVXPSWLRQ�JXDUDQWHH�
FRQWUDFWV�DQG�YHULILHG�XVLQJ WKH�2&5$�WRRO >��@ IRU�FKHFNLQJ�FRQWUDFW�UHILQHPHQW��,Q�6DIH&23� ZH�ZLOO�XVH�VXFK�FRQWUDFWV�IRU�ERWK�
GHVLJQ�WLPH� DQG� UXQWLPH� FRQWUDFW� FKHFNLQJ�� 2XU� VROXWLRQ� LQ� 6DIH&23� LV� WR� HQULFK� WKH� &KHVV�WRROVHW� E\� SURYLGLQJ� VXSSRUW� IRU�
GHYHORSPHQW�RI�&2�&36� 0RUH� VSHFLILFDOO\�� WKH� WRRO�ZLOO�GLVWLQJXLVK�EHWZHHQ� WKH� UXQWLPH�DQG�GHVLJQ� WLPH FRQWUDFWV� DQG� WLJKWO\�
FRXSOH�WKH�FRQWUDFWV�ZLWK�WKH�FRUUHVSRQGLQJ�VDIHW\�DVVXUDQFH�HYLGHQFH�WR�DGGUHVV�WKH�G\QDPLF�VDIHW\�DVVXUDQFH�QDWXUH�RI�&2�&36�

7KH�FRPPXQLFDWLRQ�EHWZHHQ�WKH�GLIIHUHQW�&2�&36 LQ�RXU�FRRSHUDWLYH�LWHP�LV�ZLUHOHVV��7KH�ZLUHOHVV�FRPPXQLFDWLRQ�VXEV\VWHP�
LV�DQ�H[DPSOH�RI�DQ LQGHSHQGHQWO\�GHYHORSHG�VDIHW\�UHOHYDQW�HOHPHQW�WKDW�LV�D�SDUW�RI�WKH�FRRSHUDWLYH�LWHP��6DIH&23�ZLOO�H[WHQG�WKH�
FXUUHQW�VWDWH�RI�WKH�DUW�ZLUHOHVV�SURWRFROV�E\�FUHDWLQJ�DQ�DSSOLFDWLRQ�OHYHO�OLEUDU\�DQG�UHODWHG�$3,�WKDW�DFWV�DV�D�³VDIHW\�OD\HU´�RQ�WRS�
RI�WKH�H[LVWLQJ�SURWRFROV��,I�WKLV�$3,�LV�XVHG�IRU�WKH�FRPPXQLFDWLRQ��ZH�JXDUDQWHH�WKDW�WKH�FRPPXQLFDWLRQ�KDV�³KLJK�LQWHJULW\´��L�H���
WUXVW�LV�SURYLGHG�WKDW�WKH�FRQWHQWV�RI�PHVVDJHV�DUH�QRW�FRUUXSWHG�HLWKHU�XQLQWHQWLRQDOO\�RU�LQWHQWLRQDOO\��7KLV�LV�QHHGHG�EHFDXVH�RWK�
HUZLVH�RXU�FRRSHUDWLYH� IXQFWLRQ�$�FDQQRW� WUXVW�PHVVDJHV� IURP� WKH�RWKHU� V\VWHPV� �%�DQG�&�� WR� LPSOHPHQW� LWV� VDIHW\� IXQFWLRQ�� ,Q�
SURYLGLQJ�VXFK�KLJK�LQWHJULW\�FRPPXQLFDWLRQ��ZH�ZLOO�LQ�DGGLWLRQ�WR�FRQVLGHULQJ WUDGLWLRQDO�VDIHW\ FRQFHUQV��UHXVH�VHFXULW\�UHVXOWV�
IURP�RWKHU�$57(0,6�SURMHFWV�VXFK�DV�'(:,�DQG�IURP�WKH�&RRSHUDWLRQ�5HIHUHQFH�7HFKQRORJ\�3ODWIRUP��&573���DQG�RXU�IRFXV�LV�
RQ�GHOLYHULQJ�D�VROXWLRQ�WKDW�LV�QRW�VXVFHSWLEOH�WR�VHFXULW\�WKUHDWV��VXFK�DV�PDQ�LQ�WKH�PLGGOH�DWWDFNV��&RQVLGHULQJ�VHFXULW\�LV�HVVHQ�
WLDO��DV�VHFXULW\�FRQFHUQV�DUH�QRW�FRYHUHG�LQ�GHWDLO�LQ�FXUUHQW�VDIHW\�VWDQGDUGV��SRWHQWLDOO\�UHVXOWLQJ�LQ�V\VWHPV�WKDW�DUH�VXFFHVVIXOO\�
FHUWLILHG�DFFRUGLQJ�WR�UHOHYDQW�VDIHW\�VWDQGDUGV��EXW�WKDW�VWLOO�DUH�RSHQ�WR�VHFXULW\�WKUHDWV�WKDW�PD\�MHRSDUGL]H�VDIHW\�

7UDGLWLRQDOO\�� DQ� RUJDQL]DWLRQ� SUHSDUHV� WKHLU� VDIHW\� DVVXUDQFH� HYLGHQFH� IRU� WKH� VDIHW\� FDVH� DW� GHVLJQ�WLPH�� 7KH� QRWLRQ� RI� D�
FRRSHUDWLYH�LWHP�H[WHQGV�WKH�VFRSH�RI�WKH�VDIHW\�FDVH�IURP�D�VLQJOH�V\VWHP�WR�RWKHU�V\VWHPV�WKDW DUH�QRW�QHFHVVDULO\�NQRZQ�GXULQJ�

� 3XEOLF�'HOLYHUDEOHV��KWWS���ZZZ�VDIHFRS�HX�"SDJHBLG ��

)LJXUH����7KH�6DIH&23�VDIHW\�DVVXUDQFH�FRQFHSW



GHVLJQ�WLPH��7R�SURYLGH�DGGLWLRQDO�DVVXUDQFH�RI�VXFK�RSHQ�V\VWHPV��UXQWLPH�VDIHW\�DVVXUDQFH�VXSSRUWHG�E\�UXQWLPH�YHULILFDWLRQ LV�
DOVR�UHTXLUHG��,Q�6DIH&23��WKH�VDIHW\�FDVH�RI�WKH�V\VWHP�$�SUHSDUHG�E\�RUJDQLVDWLRQ�$�LQFOXGHV�D�VDIHW\�FDVH�PRGXOH�UHODWHG�WR WKH�
FRRSHUDWLYH� LWHP��ZKLFK� FRYHUV� QRW� RQO\� WKH� V\VWHP�$�� EXW� DOVR� WKH� FRRSHUDWLQJ� V\VWHPV�%� DQG�&�� � 6LQFH� HDFK� RUJDQL]DWLRQ� LV�
LQWHUHVWHG� LQ�SURWHFWLQJ� WKHLU� ,QWHOOHFWXDO�3URSHUW\� �,3��� LW� LV�QRW�DOZD\V�SUDFWLFDOO\� IHDVLEOH� WR� LQFOXGH� WKH�GHWDLOHG�HYLGHQFH� IURP�
RWKHU� RUJDQL]DWLRQV�� �+HQFH�� LQ� 6DIH&23�� WKH� FRRSHUDWLYH� LWHP� VDIHW\� FDVH�PRGXOH� SUHSDUHG� E\� WKH� RUJDQL]DWLRQ�$� LV� GRQH� E\�
FRPSRVLQJ�WKH�HYLGHQFH�RI�WKH�FRRSHUDWLYH�VXEV\VWHP�$�ZLWK�WKH�SXEOLF�HYLGHQFH�IURP�WKH�FRRSHUDWLYH�VXEV\VWHPV�%�DQG�&��L�H���
ZLWKRXW�H[SRVLQJ�WKH�,3�RI�WKH�RUJDQL]DWLRQV�%�DQG�&���7KLV�LV�VLPLODU�WR�PRGXODU�FHUWLILFDWLRQ�DOORZHG�E\�FHUWLILFDWLRQ�VWDQGDUGV��
H�J��� 6(RR&�� 7KH� GLIIHUHQFH� LV� WKDW� PRGXODU� FHUWLILFDWLRQ� W\SLFDOO\� GRHV� QRW� KLGH� WKH� ,3� DQG� GRHV� QRW� DGGUHVV� UXQWLPH� VDIHW\�
DVVXUDQFH��:H DOVR� UHIHU� WR� WKLV� DV� FRPSRVLQJ� VDIHW\� FDVHV�� VLQFH� WKH� VDIHW\� FDVH� IRU� WKH� FRRSHUDWLYH� LWHP�ZLOO� EH� EDVHG�RQ� WKH�
LQGLYLGXDO�VDIHW\�FDVHV�IRU�VXEV\VWHPV�$��%��DQG�&��

5XQWLPH�GLDJQRVWLFV�LV�D�SDUW�RI�PRVW�PRGHUQ�VDIHW\�FULWLFDO�V\VWHPV >��@��,Q�6DIH&23��ZH�H[WHQG�WKH�WUDGLWLRQDO�UXQWLPH�GLDJ�
QRVWLFV�ZLWK�D�5XQWLPH�0DQDJHU��50� IRU�FRRSHUDWLYH�F\EHU�SK\VLFDO�V\VWHPV��&RPSOHPHQWLQJ�WKH�GLDJQRVWLFV��50�ZRUNV�RQ�DQ�
H[WHQGHG�VFRSH�RI�YDULDEOHV�WKDW�DIIHFW�WKH�UXQWLPH�EHKDYLRXU�DQG�HVWDEOLVKHV�UXQWLPH�FHUWLILFDWHV�HQVXULQJ�FRPSDWLELOLW\�RI�WKH�&2�
&36��7KH�6DIH&23�5XQWLPH�0DQDJHU�IRU�&2�&36�FRQFHSW�LV�VKRZQ�LQ )LJXUH����50�ILUVW�HQVXUHV�WKDW DOO WKH�FRRSHUDWLQJ�V\VWHPV�
FRQWDLQ�D� FRPSDWLEOH�FRRSHUDWLYH LWHP� VXEV\VWHP�DQG� WKDW� WKH� FRQILJXUDWLRQ�RI� WKH� FRRSHUDWLQJ� V\VWHPV� LV�ZLWKLQ� WKH�SUHGHILQHG�
YDOXHV�HVWDEOLVKHG�GXULQJ�RXW�RI�FRQWH[W�GHYHORSPHQW�RI�WKH�FRRSHUDWLYH�LWHP��2QH�RI�WKH�UROHV�RI�50�ZLOO�EH�WR�V\QFKURQLVH�WKH�
VDIHW\�WDFWLFV�DPRQJVW�GLIIHUHQW�FRRSHUDWLQJ�V\VWHPV�WR�HQVXUH�WKDW�WKHLU�EHKDYLRXU�LQ�VDIHW\�FULWLFDO�VLWXDWLRQV�LV�FRPSDWLEOH�

7KH�VDIHW\�FDVH�UHOLHV�RQ�FRQVWUDLQWV� WKDW�UHVWULFW� WKH�UXQWLPH�EHKDYLRXU�RI� WKH�VDIHW\�IXQFWLRQ�� LQ�RUGHU� WR�DQWLFLSDWH�DW�GHVLJQ�
WLPH�WKH�FLUFXPVWDQFHV�WKDW�FDQ�RFFXU�DW�UXQWLPH��7KHVH�UXQWLPH�FRQVWUDLQWV�DUH�GHULYHG�IURP�WKH�VDIHW\�UHTXLUHPHQWV�DQG�DUH�HQ�
IRUFHG�E\�WKH�50��ZKLFK�LQFOXGHV�PRQLWRULQJ�RI WKH�FRRSHUDWLYH�VDIHW\�IXQFWLRQ��50�FKHFNV�WKH�VDIHW\�FRQVWUDLQV�LQ�WHUPV�RI�DV�
VXPSWLRQ�JXDUDQWHH� FRQWUDFWV�GXULQJ� UXQWLPH�� DQG�JHQHUDWHV� UXQWLPH� HYLGHQFH��7KH�G\QDPLF�SDUW�RI� WKH� VDIHW\� DVVXUDQFH�FDVH� LV�
EXLOW�XSRQ�WKH�UXQWLPH�HYLGHQFH��6LQFH�VXFK�HYLGHQFH�LV�WLJKWO\�FRXSOHG�ZLWK�FRQWUDFWV��WKH�UHVXOWLQJ�VDIHW\�DVVXUDQFH�FDVH�GHSHQGV�
RQ�WKH�VDWLVIDFWLRQ�RI�WKH�FRQWUDFW�DVVXPSWLRQV��:H�FDOO�WKLV�D�³FRQGLWLRQDO�VDIHW\�FDVH´��WKH�VDIHW\�UHTXLUHPHQWV�DUH�JXDUDQWHHG�E\�
WKH�FRQWUDFWV�RQO\�LI�WKH�GHPDQGV LQ�WHUPV�RI�FRQWUDFW�DVVXPSWLRQV DUH�VDWLVILHG� )RU�H[DPSOH��WKH�LQWHJULW\�RI�FRRSHUDWLYH�VXEV\VWHP�
$�LV�JXDUDQWHHG�E\�V\VWHP�$¶V�DUFKLWHFWXUH DQG�VDIHW\�PHFKDQLVPV��7KH�SXEOLF�VDIHW\�HYLGHQFH�RI�WKH�VXEV\VWHP�%�LV�UHILQHG�LQWR�D�
VHW�RI�GHPDQGV WKDW KDYH�WR�EH�IXOILOOHG�E\�VXEV\VWHP�%�LQ�RUGHU�WR�HQVXUH�LWV�LQWHJULW\��,Q�6DIH&23��ZH�ZLOO�XVH�WKH�20*�VWDQGDUG�
6$&0 �6WUXFWXUHG�$VVXUDQFH�&DVH�0HWDPRGHO� >��@ IRU�PRGHOOLQJ� WKH� VDIHW\� FDVH� 7KH�6$&0� IUDPHZRUN� VXSSRUWV� ERWK�PDLQ�
JUDSKLFDO� DVVXUDQFH� FDVH� QRWDWLRQV�� *RDO� 6WUXFWXULQJ� 1RWDWLRQ� �*61� >��@�� DQG� &ODLPV� $UJXPHQWV� (YLGHQFH� �&$(� >��@�� 7KH�
VWDQGDUGLVDWLRQ�DQG�SRUWDELOLW\�RIIHUHG�E\�6$&0�HQDEOHV�IUHTXHQW�XSGDWHV�WR�WKH�VDIHW\�FDVH�ZLWK�OHVV�HIIRUW��DV�LW�EHFRPHV�HDVLHU�WR�
DXWRPDWLFDOO\�XSGDWH�WKH�G\QDPLF�VDIHW\�DVVXUDQFH�FDVH�

,I�WKH�5XQWLPH�0DQDJHU�GHWHFWV�DEQRUPDO�EHKDYLRXU��RU�LI�WKH�GHPDQGV�DUH�QRW�VDWLVILHG��WKH�FRRSHUDWLYH�VDIHW\�IXQFWLRQDOLW\�LV�
GLVDEOHG��50 LV�UHVSRQVLEOH�IRU�WKH�VDIHW\�DFWLRQ�H[HFXWLRQ��6DIH&23�ZLOO�DQDO\VH�WKH�UHTXLUHPHQWV�RI�WKH�XVH�FDVHV�DQG�SURSRVH�
FRQVWUDLQWV�EDVHG�RQ�WKH�GHILQLWLRQ�RI�WKH�FRRSHUDWLYH�VDIHW\�IXQFWLRQV��VXFK�WKDW�VDIHW\�LV�JXDUDQWHHG��7KH�VDIHW\�FDVH�QHHGV�WR�DOVR�
FRQVLGHU�WKH�ULVN�RI�UHTXLUHPHQW�YLRODWLRQV��DQG�KRZ�WR�SURYLGH�IDLOVDIH�IDOOEDFN�PHFKDQLVPV��&RQVLGHUHG PHFKDQLVPV��LQFOXGLQJ�
VDIHW\�XQGHU�VXFK�VFHQDULRV��ZLOO�LQWURGXFH�DGGLWLRQDO�FRQVWUDLQWV�RQ�WKH�V\VWHPV�LQYROYHG�

7KH� 5XQWLPH�0DQDJHU LV� LPSOHPHQWHG� DV VRIWZDUH� WKDW� QHHGV� WR� UXQ� RQ� WKH� &2�&36� V\VWHP� WR� HQVXUH� VDIH� FRRSHUDWLRQ� DW�
UXQWLPH��7KLV�50�KDV�WR�EH�³VHSDUDWHG´�IURP�WKH�IXQFWLRQDOLW\�RI�WKH�GHYLFH��VXFK�WKDW�ORZHU�FULWLFDOLW\�IXQFWLRQV�GR�QRW�DIIHFW�WKH�

)LJXUH����7KH�6DIH&23�5XQWLPH�0DQDJHU�FRQFHSW�IRU�&2�&36



IXQFWLRQLQJ�RI�WKH�KLJK�FULWLFDOLW\�50��6RPH�SODWIRUPV��H�J���$8726$5���SURYLGH�VXFK�VHSDUDWLRQ�PHFKDQLVPV��EXW�VRPH��VXFK�DV�
526���GR�QRW��VR�WKHVH�VHSDUDWLRQ�PHFKDQLVPV��VLPLODU�LQ�FRQFHSW�WR�D�³YLUWXDO�PDFKLQH´��EXW�PRUH�OLJKWZHLJKW��ZLOO�DOVR�KDYH�WR�EH�
GHYHORSHG��7KH�50�KDV�WR�NQRZ�ZKDW�WR�PRQLWRU��WKH�³9HULILFDWLRQ�DQG�9DOLGDWLRQ´ PHWKRGV�DQG�WRROV�ZLOO�SURGXFH�VDIHW\�UHTXLUH�
PHQWV�WKDW�QHHG�WR�EH�PRQLWRUHG�DW�UXQWLPH��2QFH�WKH�50�GHWHFWV�D�VDIHW\�YLRODWLRQ��LW�ZLOO�KDYH�WR�IDOOEDFN�WR�D�³GHJUDGHG�PRGH´��
7KH�IXQFWLRQDOLW\�RI�WKH�³GHJUDGHG�PRGH´�ZLOO�KDYH�WR�EH�GHYHORSHG�LQ�WKH�GHPRQVWUDWRUV��DQG�LW�LV�VSHFLILF�WR�WKH�IXQFWLRQ�RI�WKH�
UHVSHFWLYH�GHPRQVWUDWRU��,W�LV�FKDOOHQJLQJ�WR�GHYHORS�XVHIXO�DQG�IDLOVDIH�IDOOEDFN�IXQFWLRQV��VLQFH�RIWHQ�LW�LV�QRW�DSSURSULDWH�WR�MXVW�
VWRS��DVVXPLQJ�WKHUH�LV�D�³VDIH�VWRS´�IXQFWLRQ��

7KH�5XQWLPH�0DQDJHU�FRQWDLQV�D�PRQLWRULQJ�PRGXOH WKDW�SHUIRUPV�GDWD�DFTXLVLWLRQ WR�FROOHFW�VDIHW\�UHODWHG�GDWD��ZKLFK�LV�WKHQ�
DQDO\VHG�DQG�LQFOXGHG�LQ�WKH�VDIHW\�DVVXUDQFH�HYLGHQFH��,Q�WKLV�FRQWH[W��ZH�VD\�WKDW�ZH�KDYH�D�³OLYLQJ�VDIHW\�FDVH´� ZKLFK�LV�XSGDWHG�
ZLWK�LQIRUPDWLRQ�FROOHFWHG�DW�UXQWLPH�WR�LQFUHDVH�FRQILGHQFH��,Q�WKLV�FRQWH[W�ZH�DOVR�VD\�WKDW�WKH�VDIHW\�FDVH�LV� LQFUHPHQWDO��DQG�LW�
PD\�VXSSRUW�SURYLVLRQDO�FHUWLILFDWHV�DOORZLQJ�XVDJH�LQ�OLPLWHG�VFHQDULRV��H�J���LQLWLDOO\�RQO\�LQ�WKH�ODE�XVH���7KURXJK�HYLGHQFH�FRO�
OHFWHG�DW�UXQWLPH��SURYLVLRQDO�FHUWLILFDWHV�FDQ�EH�XSJUDGHG�WR�FRYHU�PRUH�JHQHUDO�XVDJH�VFHQDULRV��7KH�TXDOLILFDWLRQ�RI�WKH�5XQWLPH�
0DQDJHU�DQG�WKH�FRQVWUDLQWV�DUH�SDUW�RI�WKH�GHVLJQ�WLPH�VDIHW\�DVVXUDQFH�HYLGHQFH��

$� 'HSHQGDEOH�ZLUHOHVV�FRPPXQLFDWLRQ

6DIH&23�IRFXVHV�RQ�VDIHW\�DVVXUDQFH�IRU�FRRSHUDWLYH�&36V�WKDW�FRPPXQLFDWH�WKURXJK�D�ZLUHOHVV�FKDQQHO��,W�LV�WKHUHIRUH�FUXFLDO
WR�WKRURXJKO\�LQYHVWLJDWH�WKH�ZLUHOHVV�FRPPXQLFDWLRQ�EHKDYLRU LQ�D�&2�&36�DSSOLFDWLRQ�WR�PDNH�VXUH�WKDW�XQFHUWDLQW\�SHUWDLQLQJ�WR�
ZLUHOHVV�VLJQDO�SURSDJDWLRQ�DQG�QHWZRUNLQJ�SURWRFROV�DUH�ZHOO�WDNHQ�LQWR�DFFRXQW�DQG�GR�QRW�FRPSURPLVH�&2�&36�VDIHW\�UHTXLUH�
PHQWV >��@� 7KHUH� DUH� VHYHUDO�ZLUHOHVV� QHWZRUNLQJ� WHFKQRORJLHV�GHVLJQHG� IRU� VKRUW�UDQJH� FRPPXQLFDWLRQ� �,(((�����������%OXH�
WRRWK��=LJ%HH��:LUHOVV+DUW���/RZ3$1���PHGLXP�UDQJH�FRPPXQLFDWLRQV��,(((��������DQG�LWV�YDULDQWV��DQG�ORQJ�UDQJH�DQG�EURDG�
EDQG�FRPPXQLFDWLRQV��*356���*��*��/7(��:L0$;��HWF����7KH�FKDOOHQJHV�RI�XVLQJ�ZLUHOHVV�WHFKQRORJLHV�LQ�VDIHW\�FULWLFDO�DSSOLFD�
WLRQV�DUH�FXUUHQWO\�EHLQJ�DGGUHVVHG�LQ�ODUJH�$57(0,6�SURMHFWV�VXFK�DV�'(:,��ZKLFK�GHFODUHV�WKDW�³FXUUHQW�ZLUHOHVV�WHFKQRORJLHV�
>«@� VWLOO� ODFN� IHDWXUHV� OLNH� FRPSRVDELOLW\�� GHSHQGDELOLW\�� VHFXULW\�� VDIHW\�� SULYDF\� DQG� DXWR�FRQILJXUDWLRQ�� )XUWKHUPRUH�� FXUUHQW�
VROXWLRQV�GR�QRW�KDYH�D�FRPPRQ�UHIHUHQFH�GHVLJQ�DQG�VHUYLFH�RULHQWHG�DUFKLWHFWXUH�WKDW�ZRXOG�EH�QHHGHG�WR�EXLOG�D�PDUNHW�HQYL�
URQPHQW�ZKHUH�FRPSHWLWLRQ�HQDEOHV� ORZHU�SULFHV´���$V� WKH�ZLUHOHVV�FRRSHUDWLRQ�ZLOO�KDYH� WR�PHHW�VWULFW UHDO�WLPH VDIHW\�UHTXLUH�
PHQWV�� WR� DFKLHYH� WKH� FRPSRVDELOLW\�ZLWK� UHVSHFW� WR� WKH� WHPSRUDO� EHKDYLRU�� WLPH�WULJJHUHG� FRPPXQLFDWLRQ� LV� UHTXLUHG >��@�� 7KH�
FKDOOHQJH�RI�VHFXULQJ�VXFK�WLPH�WULJJHUHG�ZLUHOHVV�FRPPXQLFDWLRQ�LV�EHLQJ�DGGUHVVHG�LQ�WKH�5(71(7�SURMHFW�

6DIH&23�FRQWULEXWHV�WR�SURYLGLQJ�LQQRYDWLYH�FRPPXQLFDWLRQ�SURWRFROV�EDVHG�RQ�&276�VWDQGDUG�ZLUHOHVV�WHFKQRORJ\�DQG�VWDWH�
RI�WKH�DUW�IURP�SURMHFWV�VXFK�DV�5(71(7��WR�HQVXUH�VDIH�DQG�VHFXUH�FRRSHUDWLRQ�LQ�&2�&36�DSSOLFDWLRQV��,QGHHG��WKH�GLYHUVLW\�RI�
XVH�FDVHV�WR�EH�LPSOHPHQWHG�DQG�GHSOR\HG�ZLWKLQ�WKH�6DIH&23�IUDPHZRUN�LQFOXGLQJ�DXWRPRWLYH��PDULWLPH�DQG�KHDOWKFDUH�GRPDLQV�
UHTXLUHV� WKDW� GLIIHUHQW�ZLUHOHVV� FRPPXQLFDWLRQ� WHFKQRORJLHV� EH� LQYHVWLJDWHG� IRU�ERWK� VKRUW�UDQJH� LQGRRU� DQG� ORQJ�UDQJH� RXWGRRU�
FRPPXQLFDWLRQ�SDWWHUQV�ZLWK�D�SDUWLFXODU�IRFXV�RQ�WKHLU�VDIHW\�UHODWHG�IHDWXUHV��7KH�XVH�RI ZLUHOHVV�FRPPXQLFDWLRQ�WHFKQRORJLHV�IRU�
LQWHJUDWLRQ�RI�KHWHURJHQHRXV�&2�&36�UHSUHVHQWV�D�PDMRU�DGGHG�YDOXH�RI�WKH�6DIH&23�SURMHFW�WKDW�ZLOO�DGYDQFH�WKH�FXUUHQW�VWDWH�RI�
WKH�DUW�VROXWLRQV��)XUWKHUPRUH��WKH�VWXG\�RI�WKH�FDSDELOLWLHV�RI�WKHVH�&276�WHFKQRORJLHV�ZLWK�UHVSHFW�WR�VDIHW\�DVVXUDQFH�DQG�FHUWLIL�
FDWLRQ�LV�D�QHZ�FKDOOHQJH�DGGUHVVHG�LQ�WKH�6DIH&23�SURMHFW��&RQVLGHULQJ�WKDW�6DIH&23�XVHV�VWDQGDUG�WHFKQRORJLHV��LW�ZLOO�FRQWULE�
XWH� WR�GHYLVLQJ�QHZ�H[WHQVLRQV� WR�H[LVWLQJ�ZLUHOHVV�FRPPXQLFDWLRQ�VWDQGDUGV� WR�FRSH�ZLWK� VDIHW\� UHTXLUHPHQWV� IRU� VDIHW\�FULWLFDO�
&2�&36�DSSOLFDWLRQV��7KHVH�FRQWULEXWLRQV�PD\�EH�FRQVLGHUHG�LQ�WKH�UHOHDVH�RI�QHZ�VWDQGDUG�SURWRFROV�IRU�VDIHW\�FULWLFDO�&2�&36�DV�
6DIH&23�SDUWQHUV�ZLOO�ZRUN�FORVHO\�ZLWK�VWDQGDUGL]DWLRQ�ERGLHV�

9� :25.�3$&.$*(6

$V�WKH�FHQWUDO�JRDO�LQ�WKH�SURMHFW�LV�WR�SURYLGH�DQ�DSSURDFK�IRU�WKH�VDIHW\�DVVXUDQFH�DQG�HQJLQHHULQJ�RI�FRRSHUDWLYH�RSHQ�F\EHU�
SK\VLFDO�V\VWHPV��&2�&36���ZH�KDYH�RUJDQL]HG�WKH�SURMHFW�DURXQG�D�QXPEHU�RI�XVH�FDVHV�WKDW�IHHG�UHTXLUHPHQWV�DQG�SUREOHPV�LQWR�
WKH�UHVHDUFK�ZRUN�SDFNDJHV��:3V���7KH�SURSRVHG�VROXWLRQV�DUH�WKHQ�GHPRQVWUDWHG�DQG�HYDOXDWHG�WR�HQVXUH�WKH�IHDVLELOLW\�RI�WKH�DS�
SURDFK�

7KH�SURMHFW�LV�RUJDQL]HG�LQ�VHYHQ�:3V��

x :3���5HTXLUHPHQWV�

x :3���6DIHW\�DVVXUDQFH�IUDPHZRUN�IRU�&2�&36�

x :3���6DIH�DQG�VHFXUH�ZLUHOHVV�FRRSHUDWLRQ�

x :3���3ODWIRUP�DQG�WRRO�VXSSRUW�IRU�VDIHW\�DVVXUDQFH�

x :3���'HPRQVWUDWRUV�DQG�HYDOXDWLRQ�

� KWWS���ZZZ�DXWRVDU�RUJ
� KWWS���ZZZ�URV�RUJ

� KWWSV���ZZZ�WKDOHVJURXS�FRP�HQ�VSDLQ�HYHQW�WDV�H�SDUWLFLSDWHV�SURMHFW�GHZL�GHSHQGDEOH�HPEHGGHG�ZLUHOHVV�LQIUDVWUXFWXUH�XQGHU



x :3���'LVVHPLQDWLRQ�DQG�H[SORLWDWLRQ�

x :3���0DQDJHPHQW�

7KH�UHVHDUFK�DQG�LQQRYDWLRQ�ZRUN�LQ�WKH�SURMHFW�LV�GHILQHG�E\�WKH�UHTXLUHPHQWV�GHULYHG�LQ :3���7KHVH�UHTXLUHPHQWV�DUH�FRPLQJ�
IURP�WKH�XVH�FDVHV��ZKLFK�DUH�SDUW�RI�WKH�:3��RQ�GHPRQVWUDWRUV�DQG�HYDOXDWLRQ��,Q�:3��ZH�GR�WKH�FROOHFWLRQ��UHILQHPHQW�DQG�FRQ�
VROLGDWLRQ�RI�WKH�UHTXLUHPHQWV�DQG�UHVHDUFK�GULYHUV��7KHVH�FRQVROLGDWHG�UHTXLUHPHQWV�DQG�UHVHDUFK�TXHVWLRQV�DUH�WKHQ�WKH�EDVLV�RI�
WKH�ZRUN�RI�:3���:3��DQG�:3���ZKLFK�SURYLGH�VROXWLRQV� WKDW²LQ� WXUQ²DUH�DSSOLHG�DQG�HYDOXDWHG�LQ�VHYHUDO�GHPRQVWUDWRUV� LQ�
:3���:3��LV�FRQFHUQHG�ZLWK�WKH�GHYHORSPHQW�RI�WKH�6DIH&23�VDIHW\�DVVXUDQFH�IUDPHZRUN�WDUJHWLQJ�&2�&36��ZKLFK�FRPPXQLFDWH�
ZLUHOHVVO\��7KH�ZLUHOHVV�FRPPXQLFDWLRQ�LV�DGGUHVVHG�LQ�:3��ZKHUH�WKH�JRDO�LV�WR�H[WHQG�WKH�FXUUHQW�SURWRFROV�VXFK�WKDW�WKH\�SUR�
YLGH�WKH�UHTXLUHG�OHYHOV�RI�VDIHW\�DQG�VHFXULW\�IRU�&2�&36��7KH�VDIHW\�DVVXUDQFH�IUDPHZRUN�LV�VXSSRUWHG�E\�WKH�6DIH&23�SODWIRUP��
ZKLFK�FRQVLVWV�RI�UHIHUHQFH�DUFKLWHFWXUH�IRU�&2�&36�DQG�PHWKRGV�DQG�WRROV�IRU�SURGXFLQJ�VDIHW\�DVVXUDQFH�HYLGHQFH��7KH�ZRUN�LQ�
:3���:3��DQG�:3��LV�SHUIRUPHG�LQ�SDUDOOHO��ZLWK�LQWHUDFWLRQV�RQ�WKH�LVVXHV�UHODWHG�WR�WKH�DVVXUDQFH�IUDPHZRUN��ZLUHOHVV�SURWRFRO��
DUFKLWHFWXUH�DQG�PHWKRGV�DQG�WRROV��$OO�:3V�DUH�VWUXFWXUHG�VXFK�WKDW�LQWHUPHGLDWH�HYDOXDWLRQ�RI�WKH�DSSURDFK�LV�SRVVLEOH�HYHU\�\HDU��
:3��LV�UHVSRQVLEOH�IRU�HQVXULQJ�DQG�PRQLWRULQJ�WKH�FROODERUDWLRQ�DV�GHVFULEHG�DERYH��DOO�:3�OHDGHUV�DUH�SDUW�RI�WKLV�WDVN��7KH�GLV�
VHPLQDWLRQ�RI�WKH�PDMRU�ILQGLQJV�RI�WKH�SURMHFW�ZLOO EH�GRQH�LQ�:3���DQG�WKH�PDQDJHPHQW�DFWLYLWLHV�LQ�:3�� $�GHVFULSWLRQ�RI�HDFK�
:3�IROORZV�

:3��5HTXLUHPHQWV� 7KH�JRDO�RI�WKLV�ZRUN�SDFNDJH�LV�WR�HVWDEOLVK�ERWK�WKH�EXVLQHVV�FDVH�RI�WKH�DSSURDFK�DV�ZHOO�DV�WKH�UHTXLUH�
PHQWV�IRU�WKH�VROXWLRQV�DV�WKH\�DSSO\�WR�GLIIHUHQW�GRPDLQV��7KH�EXVLQHVV�FDVHV�HVWDEOLVK�JRDOV�WKDW�KDYH�WR�EH�DFKLHYHG��DQG�WKDW�
FDQ�EH�DVVHVVHG�LQ WKH�HYDOXDWLRQ�ZRUN�SDFNDJH��:3����7KH�UHTXLUHPHQWV�SURYLGH�WKH�VSHFLILF�FRQVWUDLQWV�DQG�SUREOHPV�WKDW�KDYH�
WR�EH�VROYHG�LQ�ZRUN�SDFNDJHV�:3���:3���:3���7KH�IRFXV�RI�:3��LV�RQ�VDIHW\�DQG�VHFXULW\�UHODWHG�UHTXLUHPHQWV�IRU�WKH�LPSOH�
PHQWDWLRQ�RI�FRRSHUDWLYH�VDIHW\�IXQFWLRQV UHTXLUHG�E\�WKH�XVH�FDVHV�

:3��6DIHW\�DVVXUDQFH�IUDPHZRUN�IRU�&2�&36� 7KH�PDLQ�REMHFWLYH�RI�WKLV�ZRUN�SDFNDJH�LV�WR�GHYHORS�D�SUDFWLFDO�VDIHW\�DVVXU�
DQFH� IUDPHZRUN� IRU� &2�&36�� $IWHU� DQ� HYDOXDWLRQ� RI� WKH� VWDWH� RI� WKH� DUW� RQ� VDIHW\� DVVXUDQFH� WKH�:3� SURSRVHV� DQ� DVVXUDQFH�
IUDPHZRUN�WKDW�FDQ�DGGUHVV�WKH�FKDOOHQJHV�RI�&2�&36�E\�FRPELQLQJ�SUH�UHOHDVH�VDIHW\�DVVXUDQFH�ZLWK�UXQWLPH�PRQLWRULQJ��7KH�
EDVLV� IRU� WKLV� IUDPHZRUN� LV�D�FRPSRVDEOH� VDIHW\�FDVH��ZKLFK�FRQWDLQV�³GHPDQGV´�SODFHG�RQ�FRRSHUDWLYH�VXEV\VWHPV� LQ�RUGHU� WR�
SURYLGH�VDIHW\�³JXDUDQWHHV´�IRU�WKH�FRRSHUDWLYH�VDIHW\�IXQFWLRQ��,Q�WKLV�:3�ZH�DOVR�HYDOXDWH�DQG�H[WHQG�D�VDIHW\�DQDO\VLV�PHWKRG�
FDOOHG�67$03��ZKLFK� LV�VXLWDEOH� IRU�V\VWHPV�ZLWK�D� ORW�RI� LQWHUDFWLRQV��7KLV�ZRUN�SDFNDJH�DOVR�SURGXFHV�D�VHW�RI�VFLHQWLILFDOO\�
SURYHQ UHFRPPHQGDWLRQV�IRU�WKH�FHUWLILFDWLRQ�RI�&2�&36�

:3��6DIH�DQG�VHFXUH�ZLUHOHVV�FRRSHUDWLRQ��,Q�6DIH&23�ZH�DGGUHVV�FRRSHUDWLYH�RSHQ�V\VWHPV�WKDW�FRPPXQLFDWH�XVLQJ�ZLUHOHVV�
WHFKQRORJLHV��:H�DUH�LQWHUHVWHG�WR�HOHYDWH�WKH�VWDWH�RI�SUDFWLFH�WR�GHYHORS�WHFKQRORJLHV�WKDW�DUH�ERWK�VDIH�DQG�VHFXUH��WR�EH�XVHG�LQ�
WKH�FRQWH[W�RI�&2�&36��+HQFH��ZH�VWDUW�E\�HYDOXDWLQJ�VWDQGDUG�ZLUHOHVV�WHFKQRORJLHV�WKDW�FDQ�SRWHQWLDOO\�EH�XVHG�IRU�FRRSHUDWLYH�
VDIHW\�IXQFWLRQV��DQG�ZH�H[WHQG�WKHVH�ZLUHOHVV�WHFKQRORJLHV�WR�HQVXUH�DQG�IDFLOLWDWH�DVVXUDQFH�RI�VDIHW\�DQG�VHFXULW\�LQ�FRRSHUDWLYH�
HPEHGGHG�V\VWHPV��2QFH�D�VDIH�DQG�VHFXUH�FRPPXQLFDWLRQ�VROXWLRQ�LV�DYDLODEOH�� LQ�WKLV�ZRUN�SDFNDJH�ZH�DUH�DOVR�LQWHUHVWHG�WR�
GHVLJQ�GLVWULEXWHG�FRRSHUDWLRQ�DOJRULWKPV�ZLWK�VDIHW\�FULWLFDO�UHTXLUHPHQWV�

:3��3ODWIRUP�DQG�WRRO�VXSSRUW�IRU�VDIHW\�DVVXUDQFH��7KH�JRDO�RI�WKLV�ZRUN�SDFNDJH�LV�WR�SURYLGH�D�SODWIRUP�DQG�WRRO�VXSSRUW�
IRU�VDIHW\�DVVXUDQFH��7KH�:3�GHILQHV�D�UHIHUHQFH�SODWIRUP��KDUGZDUH��26�DQG�PLGGOHZDUH���ZLWK�WKH�DLP�WR�JXDUDQWHH�WKH�LQWHJULW\�
RI�WKH�FRRSHUDWLYH�IXQFWLRQ��:H�ZLOO�H[WHQG�WKH�PDMRU�SODWIRUPV�IURP�HDFK�DSSOLFDWLRQ�DUHD��H�J���$8726$5�IRU�DXWRPRWLYH�DQG�
526��ZKLFK�ODFNV�VDIHW\�PHFKDQLVPV��IRU�PRELOH�URERWV��7KH�QRYHO�FRPSRQHQW�LQ�WKH�SODWIRUP�LV�D�5XQWLPH�0DQDJHU��ZKLFK�HQ�
IRUFHV�WKH�FRRSHUDWLYH�IXQFWLRQ�VDIHW\�UHTXLUHPHQWV�SURYLGLQJ�D�IDLOVDIH�VWDWH�LQ�FDVH�RI�IDLOXUH��7KLV�ZRUN�SDFNDJH�DOVR�H[WHQGV�
WKH�$57(0,6�5HIHUHQFH�7RROV�3ODWIRUP��ZLWK�D�IRFXV�RQ�H[WHQGLQJ�WRRO�IORZV�WR�VXSSRUW�LQ�HIILFLHQWO\�SURGXFLQJ�VDIHW\�HYLGHQFH�
IRU�FHUWLILFDWLRQ�

:3��'HPRQVWUDWRUV�DQG�(YDOXDWLRQ� 7KH�FRQVRUWLXP�GHYHORSV D�QXPEHU�RI�GHPRQVWUDWRUV�EDVHG�RQ WKH�XVH�FDVHV�SUHVHQWHG�LQ�
)LJXUH� � WR� VKRZ� WKH� DSSOLFDELOLW\�RI� WKH� DSSURDFK� LQ�GLIIHUHQW� LQGXVWULDO� DUHDV��7KH�GHPRQVWUDWRUV� DUH� EXLOW� XVLQJ� WKH�ZLUHOHVV�
WHFKQRORJLHV��SODWIRUPV��PHWKRGV�DQG�WRROV�LQ�:3��DQG�:3���E\�DSSO\LQJ� WKH�VDIHW\�DVVXUDQFH�SURFHVV�GHYHORSHG�LQ�:3���7KLV�
ZRUN�SDFNDJH�DOVR�HYDOXDWHV� WKH�UHVXOWV�RI� WKH�GHPRQVWUDWRUV��%RWK� WKH�ZRUN�SDFNDJHV�DQG� WKH�GHPRQVWUDWRUV�ZLOO�EH�VXEMHFW� WR�
HYDOXDWLRQ�WKDW�ZLOO�EH�UHSRUWHG�LQ�WKH�SXEOLFO\�DYDLODEOH�'����GHOLYHUDEOH�PHQWLRQHG�LQ�6HFWLRQ�,9��)XUWKHUPRUH��:3��SURYLGHV�
YDULRXV� UHTXLUHPHQWV� LQSXW� WR�:3���DQG�SURYLGH� IHHGEDFN� WKDW�FDQ�EH�XVHG� WR�JXLGH� IXUWKHU� UHVHDUFK�DQG�GHYHORSPHQW ZRUN� LQ�
ZRUN�SDFNDJHV�:3���:3���DQG�:3��

:3��'LVVHPLQDWLRQ�DQG�H[SORLWDWLRQ� $OO�SDUWQHUV�DGYHUWLVH�6DIH&23 WR�WKHLU�QHWZRUNV� DFDGHPLF��LQGXVWULDO��EXVLQHVV�RU�JHQ�
HUDO�SXEOLF��7KLV�ZRUN�SDFNDJH�LQFOXGHV�VHWWLQJ�XS�WKH�SURMHFW�ZHE�VLWH��SURGXFLQJ�QHZVOHWWHUV��RUJDQL]DWLRQ�RI�ZRUNVKRSV��GHPR�
ERRWKV��HWF��$Q�LPSRUWDQW�FRPSRQHQW�LV�DOVR�WR�OLDLVRQ�ZLWK�VWDQGDUGL]DWLRQ�RUJDQL]DWLRQV�WR�SURYLGH�LQIRUPDWLRQ�DERXW�WKH�UHVXOWV�
RI�WKH�SURMHFW��7KH�REMHFWLYH�RI�WKH�H[SORLWDWLRQ�SKDVH�LV�WR�LGHQWLI\�DQG�LPSOHPHQW�WKH�DFWLRQV�QHFHVVDU\�WR�PD[LPL]H�WKH�PDUNHW�
YDOXH��WKH�EXVLQHVV�SRWHQWLDO�DQG�WKH�VRFLDO�EHQHILWV�IRU�WKH�(XURSHDQ�8QLRQ�RI�WKH�SURMHFW�RXWFRPHV��7KH�SKDVH�ZLOO�EH�FDUULHG�RXW�
XVLQJ�WKH�FRQVRUWLXP¶V�QHWZRUNV�DQG�RWKHU�FKDQQHOV�WR�H[SORUH�YHUWLFDO�DSSOLFDWLRQV��XVH�FDVHV�DQG�GLVVHPLQDWH�FRPPHUFLDOO\�WKH�
VROXWLRQV� GHYHORSHG� ZLWKLQ� WKH� SURMHFW�� 7KH� H[SORLWDWLRQ� ZLOO� DOVR� DGGUHVV� WKH� VWDQGDUGL]DWLRQ� DFWLYLWLHV�� WKH� GHILQLWLRQ� RI� QHZ�



VWDQGDUGV IRU�VDIHW\�UHTXLUHPHQWV�DQG�WKH�VSHFLILFDWLRQ�RI�PHWK�
RGRORJLHV� IRU� WHVWLQJ� DQG� FRPSOLDQFH� WR� WKH� 6DIH&23� FRQFHSW��
ZLOO�UHSUHVHQW�DQ�LPSRUWDQW�DFKLHYHPHQW�KLJKOLJKW�RI�WKH�SURMHFW�

:3��0DQDJHPHQW� 7KLV�ZRUN�SDFNDJH�FRQWDLQV�DOO�WDVNV�UHODW�
HG�WR�WKH�PDQDJHPHQW�RI�WKH�SURMHFW��L�H��PRQLWRULQJ�DQG�UHSRUW�
LQJ�� &HQWUDO� WR� WKH� VXFFHVV� RI� WKH� SURMHFW�ZLOO� EH� WKH� HVWDEOLVK�
PHQW�RI�D�JRRG�TXDOLW\�SODQ��ULVN�PDQDJHPHQW�SODQ�DQG�FRPPX�
QLFDWLRQ� SODQV� WR� HQVXUH� JRRG� LQIRUPDWLRQ� IORZ� EHWZHHQ� WKH�
SDUWQHUV��0RUHRYHU� WKLV�ZRUN�SDFNDJH�DOVR�LQFOXGHV�NQRZOHGJH�
DQG� ,QWHOOHFWXDO� 3URSHUW\�5LJKWV� �,35� PDQDJHPHQW� LQ� WKH� SUR�
MHFW�

9,� &216257,80

7KH�FRQVRUWLXP� LV� LQGXVWU\�OHG��FRQVLVWLQJ�RI���/DUJH�(QWHU�
SULVHV���� 6PDOO�DQG�0HGLXP�(QWHUSULVHV��60(V���ZRUNLQJ�ZLWK�
�� XQLYHUVLWLHV� DQG���5HVHDUFK�7UDQVIHU�2UJDQLVDWLRQV��7KH�SDUW�
QHUV� DUH�SRVLWLRQHG�DFURVV� WKH� IXOO� YDOXH FKDLQ�� IURP� WHFKQRORJ\�
SURYLGHUV��WR�V\VWHP�LQWHJUDWRUV��2(0V�DQG�HQG�XVHUV��7KH�SUHV�
HQFH�RI���VDIHW\�DVVHVVRUV�DQG���PHPEHUV�RI�VWDQGDUGL]DWLRQ�ERG�
LHV� IDFLOLWDWHV� WKH�H[SORLWDWLRQ�RI� VDIHW\� DVVXUDQFH� UHVXOWV� $V� DO�
UHDG\�PHQWLRQHG�SUHYLRXVO\��EHVLGH� WKH� VWDNHKROGHUV� UHSUHVHQWHG�
E\�(&6(/�-8�PRQLWRULQJ� WKH�SURMHFW�� WKH�SURMHFW�HVWDEOLVKHG DQ�
DGYLVRU\�ERDUG���

6SHFLDO� HPSKDVLV LV� WDNHQ RQ� D� EDODQFH� EHWZHHQ� WHFKQRORJ\�
XVHUV�DQG�SURYLGHUV�RQ�WKH�RQH�VLGH��DQG�ODUJH�FRPSDQLHV��60(V�
DQG�UHVHDUFKHUV�RQ�WKH�RWKHU��7KLV�EDODQFH�ZLOO�IDFLOLWDWH WKH�WHFK�
QRORJ\� WUDQVIHU� IURP� WKHRU\� LQWR� LQGXVWULDO� SUDFWLFH�� 3DUWLFXODU�
HPSKDVLV�KDV�EHHQ�SXW�RQ� WKH� LQWHJUDWLRQ�RI�60(V��7KLV�FDQ�EH�
VHHQ�RQ�WKH�TXDOLW\�DQG�QXPEHU�RI�60(V�LQYROYHG�LQ�WKH�SURMHFW��
7KH� HQWHUSULVHV� �60(V� DQG� /(V�� LQFOXGH� 2ULJLQDO� (TXLSPHQW�
0DQXIDFWXUHUV��V\VWHP�LQWHJUDWRUV��DQG�HQG�XVHUV��

7KH�SURMHFW�SDUWQHUV�DUH IURP�VL[�(XURSHDQ�FRXQWULHV��ZLWK�IRXU�UHSUHVHQWDWLYHV�IURP�WKH�1RUGLF�FRXQWULHV��'HQPDUN��)LQODQG��
1RUZD\�DQG�6ZHGHQ��DQG�WZR�IURP�6RXWKHUQ�(XURSH��,WDO\�DQG�3RUWXJDO���$Q�RYHUYLHZ�RI�WKH�QXPEHU�RI�SDUWQHUV�SHU�FRXQWU\�FDQ�
EH�IRXQG�LQ )LJXUH���

7KH� SURMHFW� FRRUGLQDWRU� LV� $OWHQ� 6YHULJH�� D� 6ZHGHQ�EDVHG� /(� ZLWK� D� SUHVHQFH� LQ� ��� FRXQWULHV�� 7KH� /(¶V� �$OWHQ� 6YHULJH��
'19*/��*09,6�6N\VRIW��,QWHFV��2GHQVH�8QLYHUVLW\�+RVSLWDO��7(.(9(5�$XWRQRPRXV�6\VWHPV�DQG�9RGDIRQH�$XWRPRWLYH ,WDO\��
DQG�60(V��$/7(�9LVHWHF��$LWHN��,PSDUD��,QWHOOLJHQFH�%HKLQG�7KLQJV�6ROXWLRQV��0DULWLPH�5RERWLFV��6,72��4DPFRP�5HVHDUFK�	�
7HFKQRORJ\�� 5R�7HFKQRORJ\�� 6DIHW\� ,QWHJULW\� DQG�7HFKQLFRQ�� LQ� WKH� SURMHFW� FRYHU� VHYHUDO�PDUNHW� GRPDLQV�ZLWK� UHSUHVHQWDWLYHV�
IURP�WKH�DXWRPRWLYH��PDULWLPH�DQG�KHDOWKFDUH�VHFWRUV��7KHLU�SUHVHQFH�HQVXUHV�WKDW� WKH�ILYH� XVH�FDVHV DUH�SURSHUO\�JURXQGHG�� WKDW�
VROXWLRQV�DUH�EXVLQHVV�RULHQWHG��DQG�WKDW�WKH�ILQDO�H[SORLWDWLRQ�RI�WKH�UHVXOWV�UHDFKHV�WKH�ULJKW�JURXSV�DFURVV�PXOWLSOH�GRPDLQV��

+DYLQJ�H[SHULHQFH�ZLWK�QDWLRQDOO\�FR�IXQGHG�SURMHFWV�ZKHUH�D�ZKROH�FRXQWU\�KDV�KDG�WR�GURS�RXW��ZH�KDYH�RUJDQLVHG�RXU�ILYH�
GHPRQVWUDWRUV�LQ�QDWLRQDO�XQLWV�ERXQG�WRJHWKHU�E\�DQ�LQWHUQDWLRQDO�UHVHDUFK�³FDS´�ZLWK�VXIILFLHQW�UHGXQGDQF\�LQ�H[SHUWLVH�WR�FRYHU�
WKH�ZLWKGUDZDO�RI�D�VLQJOH�FRXQWU\�LI�QHHG�EH��(DFK�RI�WKH�QDWLRQDO�XQLWV�DUH�SDUWQHUV�ZKR�KDYH�ZRUNHG�VXFFHVVIXOO\�WRJHWKHU�EHIRUH��
WKRXJK�QRW�DOO�RQ�WKH�VDPH�SURMHFWV��DQG�DOO�RI�WKH�XQLYHUVLW\�UHVHDUFKHUV�LQYROYHG�KDYH�ZRUNHG�WRJHWKHU�SUHYLRXVO\�LQ�YDULRXV�VXE�
JURXS�FRPELQDWLRQV��$OO�RI�WKH�XQLYHUVLW\�SDUWQHUV�DQG�PRVW�RI�WKH�LQGXVWULDO�SDUWQHUV�KDYH�SUHYLRXV�H[SHULHQFH�ZLWK�ERWK�QDWLRQDO�
DQG�LQWHUQDWLRQDO�UHVHDUFK�SURMHFWV��DOWKRXJK WKUHH�RI�WKH�SDUWQHU�GHSDUWPHQWV�KDYH�QRW�EHHQ�LQYROYHG�LQ�(XURSHDQ�SURMHFWV�EHIRUH��

$� 6HWWLQJ�XS�WKH�FRQVRUWLXP

7KH�$57(0,6�DQG�(&6(/�IXQGLQJ�LQVWUXPHQWV�KDYH�SURPRWHG�WKH�DVVHPEO\�RI�YHU\�ODUJH�DQG�FRPSOH[�SURMHFWV��RIWHQ�LQYROY�
LQJ�PRUH�WKDQ�����SHUVRQ�\HDUV��������SDUWQHUV�DQG�D��SXEOLF��EXGJHW�RI�EHWZHHQ��������PLOOLRQ�(XURV��7KH�DYHUDJH�SURMHFW�KDV����
SDUWQHUV�DQG���PLOOLRQ�(XURV WRWDO�EXGJHW >��@��7KH�VWUDWHJ\�LV�WR�³WKLQN�ELJ´�WR�JDLQ�³LPSDFW´�DQG�HYHQ�LI�LW�LV�QRW�SULPDULO\�WKH�VL]H�
RI�WKH�FRQVRUWLXP�WKDW�LV�PHDQW��LW�LV�VWLOO�DQ�XQGHUO\LQJ�PHVVDJH��WKDW�WKH�ODUJHU�LW�LV��WKH�PRUH�LPSDFW�LW�ZLOO�KDYH��³7KH�$57(0,6�
PDQWUD�
WKLQN�ELJ
�GRHV�QRW�PHDQ�WKDW�DOO�SURMHFWV�KDYH�WR�EH�KXJH�RQHV�OLNH�WKH�$57(0,6�&(6$5�SURMHFW��&RVW�HIILFLHQW�PHWKRGV�
DQG�SURFHVVHV�IRU�VDIHW\�UHOHYDQW�HPEHGGHG�V\VWHPV���ZKLFK�KDV�DERXW����SDUWQHUV�DQG�DERXW�¼���PLOOLRQ�RI�LQYHVWPHQW��LW�PHDQV�
WKLQNLQJ�DERXW�WKH�LPSDFW�WKDW�WKH�SURMHFW�ZLOO�KDYH´ >��@� 7KH�GLPHQVLRQ�RI�WKH�SURMHFWV�SRVHV�VHYHUDO�FKDOOHQJHV�IRU�LWV�PDQDJH�
PHQW��+HQFH�LW�LV�QRW�OLNHO\�WKDW�DOO�WKH�VWDII�IURP�WZR�SDUWQHUV�HYHU�PHHW�LQ�WKH�SURMHFW��7KH�SROLF\�RI�SURPRWLQJ�ODUJH�DQG�FRPSOH[�
SURMHFWV�LV�DOVR�UHIOHFWHG�LQ�WKH�VXSSRUW�IRU�SURSRVDO�WKDW�LV�DYDLODEOH�LQ�WKH�$57(0,6�FRQVRUWLXP�EXLOGLQJ�HYHQWV��

)LJXUH����7KH�6DIH&23�&RQVRUWLXP



1HZ�SURSRVDOV�DUH�IRVWHUHG�DW�EURNHUDJH�HYHQWV��ZKHUH�QHZ�LGHDV�DUH�H[SRVHG�LQ�SOHQXP�SLWFKHV�ZLWK�KXQGUHGV�RI�SUHVHQW�UHSUH�
VHQWDWLYHV�IURP�LQGXVWU\�DQG�UHVHDUFK��$W�EUHDNRXW�VHVVLRQ�DOO�LQWHUHVWHG�SRWHQWLDO�SDUWQHUV�DUH�ZHOFRPH��7KHUH�LV�QR�PHFKDQLVP�WR�
DOORZ�WKH FRQVRUWLXP�OHDGHU�WR�VRUW�RXW�XQGHVLUHG�SDUWQHUV��7KH�ZRUVW�VFHQDULR�LV�WR�ZDON�RII�ZLWK�������LQWHUHVWHG�RUJDQLVDWLRQV��DOO�
RI�WKHP�H[SHFWLQJ�WR�EH�SDUW�RI�WKH�SURSRVDO� OLPLWLQJ�WKH�FRQVRUWLXP�LV�D�GLIILFXOW�WDVN��

7KH�IXQGLQJ�RI�$57(0,6�(&6(/�LV�D�EOHQG�RI�(XURSHDQ�FRQWULEXWLRQ�DQG�FRQWULEXWLRQV�IURP�HDFK QDWLRQDO�LQQRYDWLRQ�DJHQF\
>��@��(DFK�QDWLRQDO�DJHQF\�KDV�LWV�RZQ�FULWHULD�DQG�UXOHV�IRU�SD\PHQW��0RVW�FRXQWULHV�DVN�IRU�DQ�LQGXVWULDO�SURMHFW�OHDGHU��DQG�D�VSH�
FLILF�EXGJHW�UDWLR�EHWZHHQ�LQGXVWU\�DQG�DFDGHPLD��7KDW�PHDQV�WKDW�RQH�SURVSHFWLYH�DFDGHPLF�SDUWQHU�RIWHQ�KDV�WR�ILQG�RQH�RU�WZR�
RWKHU�SDUWQHUV�IURP�WKH�SULYDWH�VHFWRU�WR�EH�QDWLRQDOO\�HOLJLEOH��7KLV�PHDQV� WKDW�WKH�FRQVRUWLXP�ZLOO�JURZ�DW�OHDVW�RQH�H[WUD�URXQG��
ZLWKRXW�DQ\�UHDO�FKDQFH�IRU�WKH�FRQVRUWLXP�OHDGHU�WR�FRQWURO�WKH�GHYHORSPHQW��

6SHFLILF�FKDOOHQJHV DUH� WKH�ULVN�WKDW ODUJH�VHJPHQWV�RI�SDUWQHUV�RU�VXE�FOXVWHUV�IDOO�DZD\��LQFOXGLQJ�YDOXHG�SDUWQHUV��WKH�ULVN�WKDW
VRPH�VXE�FOXVWHUV�FDQQRW�FUHDWH�HOLJLEOH�QDWLRQDO�FRQVRUWLD��DQG�ZKHQ VRPH�FRXQWULHV�FKRRVH�QRW�WR�IXQG�D�VSHFLILF�SURMHFW��RU�RWK�
HUZLVH�UXQ�VKRUW�RQ�EXGJHW²RU� IUDQNO\� VWRS�VXSSRUWLQJ�WKH�IXQGLQJ�VFKHPH��

$�VWUXFWXUHG�VHPL�RSHQ�PHWKRGRORJ\� :H�KDYH�KDG�H[SHULHQFH�ZLWK�VXFK�D�VQRZEDOO�SURFHVVHV VHYHUDO�WLPHV�EHIRUH��7R�WDNH�WKH�
OHDG�DQG�SURSRVH�D�WRSLF�DQG�JDWKHU�D�FRQVRUWLXP�LV�QRW�DQ�HDV\�WDVN�LQ�D�YHU\�RSHQ�HQYLURQPHQW���$V�DQ�DOWHUQDWLYH�WR�WKH�³VQRZEDOO�
VWUDWHJ\´��ZH�SHUIRUPHG�D�PRUH�VWUXFWXUHG�SURFHVV�LQ�WKH�6DIH&23�SURSRVDO��7KDW�IRVWHUV�QDUURZHU��VPDOOHU�DQG��ZH�EHOLHYH��EHWWHU�
FRQVRUWLD��7KH�REMHFWLYHV�IRU�WKLV�DUH�WR�JDWKHU�D�ODUJH�JURXS�RI�LQWHUHVWHG�SRWHQWLDO�SDUWQHUV��EXW�WKURXJK�WKH�SURFHVV�VHOHFW�WKH�PRVW�
GHVLUHG�RQHV��

:H ILUVW SURSRVHG�RXU�6DIH&23�SURMHFW�DW�D�FRQVRUWLXP�EXLOGLQJ�HYHQW��HDUO\�LQ�)HEUXDU\�������,Q�WKLV�FDVH�ZH�SUHVHQWHG�WKH�
SURMHFW�LQ�D�ILYH�PLQXWH�SLWFK�WDON��WRJHWKHU�ZLWK����RWKHU�SUHVHQWHUV�LQ�D�SOHQXP�VHVVLRQ��:H�DOVR�SUHVHQWHG�D�SRVWHU��DQG�WKH�SURMHFW�
ZDV�DOVR�SRVWHG�RQ�WKH�ZHE�D�FRXSOH�RI�ZHHNV�DKHDG��7KH�UHVXOW�ZDV�D�OLVW�RI����LQWHUHVWHG�LQGLYLGXDOV��UHSUHVHQWLQJ����GLIIHUHQW�
RUJDQLVDWLRQV��ZKHUH���ZHUH�ODUJH�FRPSDQLHV�RU�LQGXVWULHV����60(V�����LQVWLWXWHV�DQG���XQLYHUVLWLHV��IURP����FRXQWULHV��7KH�³XVXDO´�
SURFHVV�ZRXOG�EH�WR�XVH�WKH�EUHDNRXW�VHVVLRQV�WR�IRUP�DQ�LQLWLDO�RXWOLQH�RI�WKH�SURSRVDO��DQG�VWDUW�DVVHPEOLQJ�WKH�FRQVRUWLXP��

%XW�IRU�XV��WKH�QH[W�VWHS�ZDV�WR�FRQWDFW�WKH����SHUVRQ ODUJH�JURXS�DIWHU�WZR�ZHHNV��7KH�PHVVDJH�ZDV�WKDW�ZH�SODQQHG�WR�IRUP�D�
FRQVRUWLXP�RXW�RI�WKH�JURXS�RI�LQWHUHVWHG�SDUWQHUV��7KH\�ZHUH�DOO�JLYHQ�WKH�WDVN�WR�GHVFULEH�����WKHLU�RZQ�RUJDQLVDWLRQ������ZKDW�WKHLU�
FRQWULEXWLRQ�ZRXOG�EH�DQG�����ZKHWKHU�WKH\�ZRXOG�EH�ZLOOLQJ�WR�OHDG�DQ\�WDVN��7KH\�ZHUH�JLYHQ�D�WKUHH�ZHHN�GHDGOLQH��7KH UHVXOW�
ZDV�D�GHWDLOHG�OLVW�RI�SRWHQWLDO�SDUWQHUV��EXW�WKH�OLVW�KDG�EHHQ�VKRUWHQHG�WR����SRWHQWLDO�SDUWQHUV��RI�ZKRP���ZDV�IURP�LQGXVWU\����
IURP�60(V����IURP�LQVWLWXWHV�DQG���IURP�XQLYHUVLWLHV��IURP����FRXQWULHV��:H�EHOLHYH�WKDW WKH�DFWLRQ�VRUWHG�RXW�WKH�EHWWHU�KDOI�RI�WKH�
OLVW²WKRVH�ZKR�ZHUH�DFWXDOO\�UHVSRQVLYH�WR�MRLQW�DFWLRQV��

$W�WKH�HQG�RI�WKH�GD\�HOLJLEOH�FRXQWU\�FRQVRUWLD�DUH�QHHGHG�LQ�WKLV�NLQG�RI�FDOO��DQG�WKHUHIRUH�WKH�QH[W�VWHS�ZDV�WR�DVN�WKH����LQ�
WHUHVWHG�SRWHQWLDO�SDUWQHUV�WR�SURYLGH�QDWLRQDO�UXOHV�IRU�WKH�FDOO��LI�NQRZQ���DQG�DOVR�WR�SURSRVH�DGGLWLRQDO�SRWHQWLDO�SDUWQHUV�IURP�
WKHLU�RZQ�FRXQWU\� LI�QHHGHG��ZLWK�UHVSHFW�ERWK�WR�QDWLRQDO�UXOHV�DQG� WKH�GLUHFWLRQ�RI�WKH�SURSRVDO��7KH�SRWHQWLDO�SDUWQHUV�KDG�RQH�
ZHHN�WR�VXJJHVW�SDUWQHUV�DQG�DQRWKHU�ZHHN�WR�JHW�WKH�VDPH�NLQG�RI�LQIRUPDWLRQ�IURP�WKHVH�QHZ��VXJJHVWHG�SDUWQHUV��$W�WKLV�VWDJH�DW�
OHDVW�RQH�FRXQWU\�OHIW��EXW�DOVR�RQH�QHZ�HQWHUHG��7KH�UHVXOW�ZDV�D�GHWDLOHG�OLVW�RI�SRWHQWLDO�SDUWQHUV��EXW�WKH�OLVW�KDG�EHHQ H[WHQGHG�WR�
���SRWHQWLDO�SDUWQHUV��RI�ZKRP���ZHUH�IURP�LQGXVWU\����IURP�60(V����IURP�LQVWLWXWHV�DQG���IURP�XQLYHUVLWLHV��IURP����FRXQWULHV��

7KHUHDIWHU�ZH�VHOHFWHG� WKUHH�FRUH�SDUWQHUV�� IURP�WKUHH�GLIIHUHQW�FRXQWULHV��'HQPDUN��,WDO\�DQG�3RUWXJDO���KRZHYHU�� WKH�,WDOLDQ�
FRPSDQ\�FRXOG�QRW�FRPPLW�LWVHOI�DW�WKLV�VWDJH��7KH�FRUH�WHDP�ZRUNHG�RXW�D�³ZULWH�XS´�DQG�VHOHFWHG�SDUWQHUV�DQG�SDUWQHU�FRXQWULHV��
PRVWO\�IURP�WKH�VHW�RI�DOUHDG\�LQWHUHVWHG�SDUWQHUV��EXW�DOVR�VRPH�WRWDOO\�QHZ�RQHV��WKDW�ILWWHG�LQWR�WKH�SURMHFW��1RZ�WKH�ILUVW�UHYLVLRQ�
RI�WKH�FRQVRUWLXP�ZDV�6ZHGHQ��'HQPDUN�DQG�3RUWXJDO��SOXV�1RUZD\��WKH�1HWKHUODQGV�DQG�*HUPDQ\��,Q�DGGLWLRQ��$XVWULD�ZDV�DVNHG�
WR�MRLQ��$�PHVVDJH�ZDV�LVVXHG�IRU�DOO�WKH�LQWHUHVWHG�RUJDQLVDWLRQV�WKDW�WKH\�ZHUH�FXUUHQWO\�QRW�LQFOXGHG��EXW�WKDW�WKH\�PLJKW�EH�WDNHQ�
LQWR�DFFRXQW�DW� D� ODWHU� VWDJH��$W� WKLV� VWDJH� ,WDO\� UH�HQWHUHG� LQWR� WKH�FRQVRUWLXP��ZKLOH�$XVWULD�� WKH�1HWKHUODQGV�DQG�*HUPDQ\� IHOO�
DZD\�

:H�KDYH�HVWDEOLVKHG�WKLV�ZD\�RI�ZRUNLQJ�WR�ILQG�EHWWHU�ZD\V�WR�HVWDEOLVK�QHZ�(XURSHDQ�UHVHDUFK�FRQVRUWLD��)LUVW� ZH�LGHQWLI\�OD�
WrWH�GH�OD�FRXUVH��DV�D�FRUH�WHDP��DQG�WKHQ�ZH�SLFN�WKH�EUHDNDZD\�VSHFLDOLVW�RXW�RI�WKH�EXQFK�RI�WKH�SODWRRQ²XVLQJ�D�VSRUWV�LGLRP��
,Q�WKLV�³PDUDWKRQ�PHWKRGRORJ\´�ZH�WU\�WR�VHOHFW�WKH�EHVW�RI�WKRVH�ZKR�ZDQW�WKH�PRVW��WR�IRUP�D�ZLQQLQJ�WHDP��

9,,� &21&/86,21

7KLV�SDSHU�KDV�SUHVHQWHG�WKH�6DIH&23�(&6(/�SURMHFW��:H�KDYH�FRYHUHG�WKH�VRFLHWDO�FKDOOHQJHV�DGGUHVVHG��WKH�SURMHFW�REMHF�
WLYHV�� WKH� RYHUDOO� DSSURDFK� DQG� WKH� FRQVRUWLXP IRUPDWLRQ� SURFHVV�� $V� PHQWLRQHG�� 6DIH&23� WDUJHWV� VDIHW\�UHODWHG� &RRSHUDWLQJ�
&\EHU�3K\VLFDO�6\VWHPV��&2�&36���ZKHUH�QR�VLQJOH�VWDNHKROGHU�KDV�WKH�RYHUDOO�UHVSRQVLELOLW\�RYHU�WKH�UHVXOWHG�V\VWHP�RI�V\VWHPV��
VDIH�FRRSHUDWLRQ�UHOLHV�RQ�WKH�ZLUHOHVV�FRPPXQLFDWLRQ��DQG�VHFXULW\�LV�DQ�LPSRUWDQW�FRQFHUQ��$OWKRXJK�VXFK�&2�&36�FDQ�VXFFHVV�
IXOO\�DGGUHVV�VHYHUDO�VRFLHWDO�FKDOOHQJHV��DQG�FDQ�OHDG�WR�QHZ�DSSOLFDWLRQV�DQG�QHZ�PDUNHWV��WKHLU�FHUWLILFDWLRQ�DQG�GHYHORSPHQW�LV�
QRW�DGHTXDWHO\�DGGUHVVHG�E\�H[LVWLQJ�SUDFWLFHV� 1RWH�WKDW�PDQ\�RI�WKH�UHVHDUFK�DQG�LQQRYDWLRQV�RI�6DIH&23�DOVR�DSSO\�WR�&2�&36�
WKDW�DUH�QRW�VDIHW\�UHODWHG��

6DIH&23�EULQJV�FOHDU�EHQHILWV�LQ�WHUPV�RI�FURVV�GRPDLQ�FHUWLILFDWLRQ�SUDFWLFH�DQG�LPSOHPHQWDWLRQV�RI�FRRSHUDWLQJ�V\VWHPV�LQ�DOO�
DGGUHVVHG�DUHDV��KHDOWKFDUH��PDULWLPH��YHKLFOH�WR�YHKLFOH�DQG�YHKLFOH�WR�LQIUDVWUXFWXUH��9�,���7KH�DGYDQWDJHV�LQFOXGH�ORZHU�FHUWLIL�



FDWLRQ�FRVWV��LQFUHDVHG�WUXVWZRUWKLQHVV�RI�ZLUHOHVV�FRPPXQLFDWLRQ��EHWWHU�PDQDJHPHQW�RI�LQFUHDVLQJ�FRPSOH[LW\��UHGXFHG�HIIRUW IRU�
YHULILFDWLRQ�DQG�YDOLGDWLRQ��ORZHU�WRWDO�V\VWHP�FRVWV��VKRUWHU�WLPH�WR�PDUNHW�DQG�LQFUHDVHG�PDUNHW�VKDUH��7KH�UHVXOWV�DUH�GHPRQVWUDW�
HG�LQ�ILYH�GHPRQVWUDWRUV��FRRSHUDWLYH�PRYLQJ�RI�HPSW\�KRVSLWDO�EHGV��FRRSHUDWLYH�EDWK\PHWU\�ZLWK�ERDW�SODWRRQV��YHKLFOH�FRQWURO�
ORVV�ZDUQLQJ��YHKLFOH�DQG�URDGVLGH�XQLWV¶ LQWHUDFWLRQ�DQG�9�,�FRRSHUDWLRQ�IRU�WUDIILF�PDQDJHPHQW��
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3URI� 3DXO�3RS UHFHLYHG�KLV�3K�'��GHJUHH�LQ�FRPSXWHU�V\VWHPV�IURP /LQN|SLQJ�8QLYHUVLW\�LQ�������KH�KDV�EHHQ�DQ�DVVRFL�
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+LV�UHVHDUFK�LV�IRFXVHG�RQ GHYHORSLQJ�PHWKRGV�DQG�WRROV�IRU�WKH�DQDO\VLV�DQG RSWLPL]DWLRQ�RI�GHSHQGDEOH�HPEHGGHG V\VWHPV��,Q�
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WKH�(8�$57(0,6�SURMHFW�6DIH&HU��+H�UHFHLYHG�DQ�06F��(QJLQHHULQJ�3K\VLFV���D�/LFHQWLDWH�GHJUHH��&RPSXWHU�6\VWHPV���D�%$�
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